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[57] 



ABSTRACT 



Psoralen compounds are synthesized which have substitu- 
tions on the 4, 4', 5', and 8 positions of the psoralen, which 
permit enhanced binding to nucleic acid of pathogens. 
Higher psoralen binding levels and lower mutagenicity arc 
described, resulting in safer, more efficient, and reliable 
inaclivation of pathogens in blood products. The invention 
contemplates inaclivation methods using the new psoralens 
which do not compromise the function of blood products for 
transfusion. 



23 Claims, 40 Drawing Sheets 
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METHOD FOR INACTIVATING PATHOGENS 
IN BLOOD USING PHOTOACTIVATION OF 
4' PRIMARY AMINO-SUBSTITUTFn 
PSORALENS 

5 

The prcscnl applicalion is a coniinualion in part of U.S. 
applicalion Scr, No. 08/212,113, nicd Mar. li. 1994 now 
abandoned, which is a continuation in pan of U.S. applica- 
lion Scr. No. 08/083,459, filed Jun. 28, 1993 now U.S. Pal. 
No. 5,399.719. 

FIELD OF THE INVENTION 

The prcscnl invention provides methods of using new and 
known compounds to inactivate bacteria in health related 15 
products to be used in vivo and in vitro, and particularly, in 
blood products and blood products :n symhctic media. 

BACKGROUND 

Pathogen contaminalion within the blood supply remains 
an important medical problem throughout the world. 
Although improved testing methods for hepatitis B (HBV), 
hepatitis C (HCV), and Human Immunodeficiency Virus 
(HIV) have markedly reduced the incidence of transfusion 25 
associated diseases, the public is losing trust in the safety of 
the blood supply due to publicity of cases of transfusion 
related transmission of these viruses. 

For example, the recent inlroduction of a blood test for 
HCV will reduce transmission of this virus; however, it has 
a sensitivity of only 67% for detection of probable infectious 
blood units. HCV is responsible for 90% of transfusion 
associated hepatitis. Melnick. L L., abstracts of Virological 
Safety Aspects of Plasma, Cannes, Nov. 3-6 (1992) (page 9). 
It is estimated that, with the test in place, the risk of infection 35 
is I out of 3300 units transfused. 

Similarly, while more sensitive scnological assays are in 
place for HIV-1 and HBV, these agents can nonetheless be 
U^smittcd by seronegative blood donors. International 
Forum: Vox Sang 32:346 (1 977). Ward, J. W,. ct aJ., N. Engl. 
J. Med., 318:473 (1988), Up to 10% of total transfusion- 
related hepatitis and 25% of severe icteric cases arc due to 
the HBV uansmilicd by hepatitis B surface antigen 
(HBasAg) negative donors. To date, fifteen cases of trans- 
fusion-associated HIV infections have been reported by the 
Center for Disease Control (CDC) among recipients of 
blood pre tested negative for antibody to HIV 1. 

Furthermore, other viral, bacterial, and agents are not 
routinely tested for, and remain a potential threat to trans- ^ 
fusion safety. Schmunis, G. A., Transfusion 31:547-557 
(1992). In addition, testing will not insure the safety of the 
blood supply against future unknown pathogens that may 
enter the donor population resulting in transfusion associ- 
ated transmission before sensitive tests can be implemented. 

Even if seroconversion tests were a sufficient screen, they 
may not be practical in application. For example, Cytomc- 
galovirtJS (CMV— a herpes virtis) and parvo B19 virtis in 
humans are common. When they occur in healthy, immu- 
nocompetent adults, they nearly always nisult in asymptom- 50 
atic seroconversion. Because such a large part of the popu- 
lation is seropositive, exclusion of positive units would 
result in substantial limiution of the blood supply. 

An alternative approach to eliminate transmission of viral 
diseases through blood products is lo develop a means to 63 
inactivate pathogens in uansfusion products. Development 
of an effective technology to inactivate infectious pathogens 



2 

in blood products oilers the poLcntial to improve the safety 
of the blood supply, and perhaps U> slow the mtroduction of 
new tests, such as the recently introduced HIV-2 test, for low 
frequency pathogens. Ultimately, decontamination icchnol^ 
ogy could significantly reduce the cost of blood products and 
increase the availability of scarce blood products. 

To be useful, such an inaclivation method i) must not 
adversely cfTcct the function for which the blood product is 
transfused, ii) must thoroughly inactivate existing pathogens 
in the blood product, and iii) must not adversely efFccl the 
recipients of the blood product Several methods have been 
reported for the inaclivation or elimination of viral agents in 
erythrocyte- free blood products However, most of these 
techniques arc completely incompatible with maintenance 
of the function of platelets, an important blood prcxluct. 
Examples of these techniques are: heat (Hilfcnhous, L, et al, 
J. Biol. Sid. 70:589 (1987)), solvent/detergent treatment 
(Horowitz, B., et al., Transfusion 25:516 (1985)), gamma- 
irradiation (MorofT, G., et al.. Transfusion 26:453 (1986)), 
ulu-aviolet (UV) radiation combined with beta propriolac- 
lone, (Prince A. M., et al.. Reviews of Infect. Diseases 5: 
92-107 (1983)), visible laser light in combination with 
hcmatoporphyrins (Matthews J. L.. et al., Transfusion 28: 
81-83 (1988), North J., ct al.. Transfusion 32: 121-128 
(1992)), use of the photoactive dyes aluminum phthalocya- 
naninc and mcrocyaninc 540 (Siebcr F., et al., Blood 73: 
345-350 (1989); Rywkin S., el al., Blood 78(Suppl 1): 352a 
(Abstract) (1991)) or UV alone (Proudouz:, K N., et al., 
Blood 70:589 (1987)), 

Other methods inactivate viral agents by treatment with 
furocoumarins, such as psoralens, in the presence of ultra- 
violet light. Psoralens arc tricyclic compounds formed by 
the linear fusion of a furan ring with a coumarin. Psoralens 
can imcrcalatc between the base pairs of double- stranded 
nucleic acids, forming covaleni adduets to pyrimidine bases 
upon absorption of long wave ultraviolet light (UVA). G. D. 
Cimino el al. , Ann. Rev. Biochem. 54: 1 1 5 1 (1985); Hearst et 
al., C?uart. Rev. Biophys. 17:1 (1984). If there is a second 
pyrimidine adjacent to a psoralen- pyrimidine mcnoadduct 
and on the opposite strand, absorption of a second photon 
can lead lo formation of a diadduct which functions as an 
intcrstrand crosslink. S. T. Isaacs et al.. Biochemistry 
16:1058 (1977); S. T Isaacs et al.. Trends in Photobiology 
(Plenum) pp. 279-294 (1982); J. Tessman ct al„ Biochem. 
24:1669 (1985); Hearst et al., U.S. Pat. Nos. 4.124,598, 
4,169,204, and 4,196,281, hereby incorporated by reference. 

The covalently bonded psoralens act as inhibitors of DNA 
replication and thus have the potenUaJ to stop the replication 
process. Due to this DNA binding capability, psoralens arc 
of particular interest in relation to solving the problems 
inherent in creating and maintaining a pathogen blood 
supply. Some known psoralens have been shown to inacti- 
vate virtjscs in some blood products. H. J. Alter et al., The 
Lancet (ii:1446) (1988); L. Lin et al., Blood 74:517 (1989) 
(dccontaminaUng platelet concentrates); G. R Wiesehahn ct 
al, U.S. Pat. Nos. 4,727,027 and 4,748,120, hereby incor- 
porated by reference, describe the use of a combination of 
8-methoxypsoralen (8-MOP) and irradiation, P Morel et al.. 
Blood Cells 18:27 (1992) show that 300 gg/mL of 8-MOP 
together with ten hours of irradiation with ultraviolet light 
can cfTcciively inactivate viruses in human scnam. Similar 
studies using 8-MOP and aminomethyltrinicthyl psoralen 
(AMTJ have been reported by other investigators. Dodd R. 
Y et al.. Transfusion 31:483^90 (1991); Margolis-Nunno, 
H.', ct al.. Thromb Hacmostas 65:1162 (Abstract) (1991). 
Indeed, the photoinactivation of a broad spectnim of micro- 
organisms has been established, including HBV, HCV, and 
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HIV, under corduions dilTcrcni fram those used in the 
present invention and using previously known psLl 
dcnvaltvcs. fHanson. C. V.. Blood Ccill: 18:7-2/(:S 
Ailcr, H. y. ct aJ., The Lance. ii:I446 (1988); mS' 
S,").)' ^"""^ 65:1162 (aK) 

ihcZ'nA" P^°"""^'^f'^a"'o" is only feasible ifihe ability of 
he psoralen lo tnaci.vale vimscs is sufficienl to ensure a 

the other hand, the psoralen must not be such thai it w 1 1 
catise damage to blood prodtcis. The meS 2 
"r^t**"=" Wlicd using known psoralens i^u re th 
use of dtfficuli and expensive procedures to avoU caus n« 

and protocols have necessitated the removal of molecular 
cxygen frorn the reaction before exposure to light to p^vem 
damage to blood products from oiygcn radicals 
dunng ,aad,ation. See L. Lin et al Blood 74 517 
L.S. Pa,. No. 4.727,027, to Wiesehahn. Tl.is s a cos ly a^i 
time consuming procedure. ^ ^ 

Finally, some commonly known compounds used in oho 
^hemtcal decontamination (PCD) exhibi u^JesiraS 

n SmZ:\^\r^T ■r'"^ ^'"^ increase^'S' 
iiy to kill vims. In other words, the more effeciivc the known 
compounds are at inactivaUng viruses, the more iSous 

Sn^vo Z " 'y*'^'" °f P^^duets 

A new psoralen compound is needed which Hicni,v. 
improved ability to inactivate bacteria SSo:mu agS/ '° 
w, thou causing significant damage to blood prS fo'; 
which It IS used, and without ihe need lo remove oxyecn 

kT^'!?'"""^ ^ <^'""Pl^"= inactivation of bS 
m blood decontamination methods. 



10 



15 



20 



25 



SUMMARY OF THE INVENTION 
The present invention provides methods of using new and 
known compounds ,o inactivate bactena in heahh S 

£Krbts^^^^^^ 

pound from the group comprising 4'.primajyamino-substi 

11) photoactivating means for photoactivaiing said con, 
pounds; and iii} a biological composition susSl<Xf iL^no 
conummaied with bacteria; b) adding said corned o sLd 
biological composition; and c) pholoaclivatinV s^d c^ 
pound, so as to inactivate said bacteria. The baSa^v 
conipnse a gram negative bacteria or a g^ZiU^e 

oSmZ''^''"'''^'^^'"'"^""''-™™^--^^ 

The present invention contemplates that the photoactivat 
-ng means comprises a photoactivation devic^ cSlof 
cmming a given intensity of a spectrum of el^omag^^J 
n^ TTT"^ wavelengths between 180 mn a^d^ 
In nn prcfcrably between 1 and 30 mWW 

to Th'"!^""?'' composition is eSd 

10 sa^d in ensity for between 1 second knd thirty min^,^ 
Additionally, the spectnim of clectromagneuc raS 
composes wavelengths between 320 mn anVsSO nm 

The present invention contemplates an embodiment of ih, 
present invention wherein the biological comSon ifin a 
synthetic medi. In another embodLent. .EoS" ! 



45 
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01 Dctwccn 10 and 150 (iM. It is contemplated that stco c 
::fci'^o^gr -cLcenti^ti^^of 
In one embodiment, the 4'-primar>amino-siibstituicd pso- 
S tedTom 'the ' °" 

Kj— (CHjJ,_NHj, and —(CM,) _R _/ru I d 
(CM.),-R.-(CH,V -N-H~where^, R,!^ and R ^ai; 

NH, in which u IS a whole number from I to 10 w is a wh^e 

awtr '"""k! '° ' -'^ ' ^^""^ ""-bc^ from 2' e^*'; 
a whole number from 2 to 5. and ^ is a whole numter f^m 
2 to 6, and b) substituents R,. R„ and R, on the 4 5' an^ 
8 carbon atoms respectively, independently setooJ f^m 
the group comprising H and (CH,)JcH, where vTsTwhT 
number from 0 to 5; or a salt th^eof 

suiuted I'^rr"" 5'-primaryamino.sub- 
Sn' Tom'^S"from^hr'•""' '^^ ^' 

whl S^I'P/on'Prising O and NH. and in which u is a 
Who e number from I to 10, w is a whole number from ,0 
5, X IS a whole number from 2 ,0 5, y is a whole numbe^from 
2 to 5, and z IS a whole number from 2 to 6- and M 

«S ^t.""/ °" ' 

respecuvely, mdependently selected from the mxip com 
pnsme H and (CH,),CH3, where v is a whole rSrtl 
Oto5«enR,isse.ecte^^^^^^ 

ai R rp ^^"^^^'="3. and where when R,. R ' 

ana k, are (CHj)^CH3. u >s a whole number from 3 to m- 
or a saUjhereof. TTic present invention further ZemSa es' 

present^ The compound may be in a solution before .iPnV 

med,?!^?,'"!'"" "^^ '^""'P"^^ »S o ? ymh tie' 
.mw-^'''''"'"''"^' P"'"" '"venUon contemplates L 

sodium acetate, potassium chloride, sodium chloride 
^mm curate, sodium phosphate and i;,agnesrm chloriJe 
and may also comprise at least one consdt^nt sel«^ed from 
Ihe group consisting of mannitol and glucose 

The present invention further contemplates an cmbodi- 
firsrhrn^'h" "^'T "^P containSn a 

' a s con^bl^r P^'^P^''"" contained in 

a second blood bag. Further, said solution may be added lo 

v2 a s,^ ^ ''^ ''^'^ ^«»>d bloSd bag 

via a stenle connection, nie present invention comemplatef 
Jai the compound used in this method may comprise 
4 -(''-Hmino-2-oxa)butyl-4,5'.8-,rimethylpsoralen 

It IS contemplated further that said platelet preparation 
may be administers! b, intravenous infusion to am" 
t IS also contemplated thai said compound be irT^ 
formulation before step c, oe m a dry 

templates T°,!!LTh-^"'?'™'="'' P^'^"' con- 
templates a method of inacUvating bacteria in bioloeical 
compositions, comprising, in the following order ?! 
V ding, m any order, i) 4 .(4-amino-2-oxa)butyl-4.5' E 
ejylpso^en; ii) photoactivating means for photoi vaUng 

H a bitor'T"^'""^''"'^'-'*'^'-»-'"™='^y'P'°^=n; a^d 
a biological composition suspected of b^ing con ami- 
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natcd with bacicria; b) adding said 4'-(4-aniino-2-(>xa)bul>'l- 
4,5',8-irimcihylpsoralcn Lo said biological composition; and 
c) photoactivating said 4'-(4-amino-2-nxa)hulyl-4,5'.8-Lrim^ 
cihylpsoralcn, so as to inactivate said bacicria. The bacicria 
dcconiaminaied by this method may comprise a gram ncga- 5 
Live bacicria or a gram positive bacteria. It is also conlcm- 
platcd ihat the biological composition comprise platelets or 
plasma. The present invcniion also conicrrplaies that ihc 
phoioactivaiing means comprises a pholoaclivation device 
capable of emitting a given intensity of a spectrum of 10 
clcctromagnelic radiaiion comprising wavelengths bciwccn 
180 nm and 400 nm, preferrably with an intensity of 
between 1 and 30 mW/cm^, In one embodiment, ihc bio- 
logical composiLior is exposed to said intensity for between 
1 second and thirty minutes Additionally, the spectrum of 15 
electromagnetic radiation comprises wavelengths between 
320 nm and 380 nm. 

The present invention contemplates an embodiment of the 
present invcniion wherein the biological composition is in a 
synthetic media. In another cmbodimenl, ihc compound is 20 
added lo said biological composition lo a final conccniration 
ofbclwccn 0.1 and 250 ^iM. It is contemplated that siep c 
may be performed wilhoul limiting the conccniration of 
molecular oxygen. The compound may be in a solution 
before step c, and said solution may comprise water, saline, 
or a synthelic media. Additionally, the present invention 
contemplaies an embodiment wherein said synthetic media 
further comprises sodium acetate, poiassiunn chloride, 
sodiiim chloride, sodium citrate, sodium phosphate and 
magnesium chlonde, and may also comprise at least one 30 
constituent selected from ihe group consisting of mannilol 
and glucose. 

The present invention further contemplates an embodi- 
ment wherein before step (b) said solution is contained in a 
first blood bag and said platelet preparation is contained in 
a second blood bag. Further, said solution may be added to 
said platelet preparation in step (b) by expressing said 
solution from said first blood bag into said second blood bag 
via a sterile conneclioii. The present invention contemplates 
that the compound used in this method may comprise 
4'-(4-amino-2-oxa)butyl-4,5',8-irimclhylpsoralcn. 

It is conlemplatcd further thai said platelet preparation 
may be administered by intravenous infusion lo a mammal. 
It is also contemplated thai said compound be in a dry 
formulation before step c. 

DESCRIPTION OF THE DRAWINGS 

RG, 1 details the compound synthesis scheme of two ^ 
isomers of bromomethyl-trialkylpsoralen. 

FIG. 2 details the compound synthesis scheme of several 
4'-primary amino substituted psoralens. 

FIG. 3 details the compound synthesis scheme of several 
4'-primary amino substituted psoralens. 55 

RG, 4 details the compound synthesis scheme of several 
psoralens having a terminal amine linked to the psoralen at 
the 4'-posilion by an alkyl chain. 

FIG. 5 details ihe compound synthesis scheme of several 
5'-primaryamino-substitutcd psoralens. 

FiG. 6 is a perspective view of one embodiment of the 
device of the present invcniion, 

FIG. 7 is a cross-seciiona] view of the device shown in 
FIG. 6 along the lines of 2—2. 65 

FIG 8 is a cross-sectional view of the device shown in 
FIG. 6 along the lines of 3 — 3 
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FIG. 9 is a cross sectional view of the device shown in 
FIG. 6 along the linci of 4—4. 

FIG. lOA is a diagram of synthesis pathways and chemi- 
cal siructurcs of compounds 8, 13, and 14 of the present 
invention. 

FIG. lOB is a diagram of synthesis pathways and chemi- 
cal structures of compounds 2, 4, and 7 of the present 
invention. 

nC. IOC is a diagram of synthesis pathways and chemi- 
cal striiciurcs of compounds 1,5,6, 9, and 10 of the present 
invention. 

FIG. lOD is a diagram of synthesis pathways and chemi- 
cal structures of compounds 12 and 15 of the present 
invention. 

FIG. lOE is a diagram of a synthesis pathway and the 
chemical structure of compound 3 of the present invcniion. 

FIG. lOF is a diagram of synthesis pathways and the 
chemical structure of compounds 1 6 and 1 7 of ihc present 
invention. 

FIG, 11 shows the impact of concentration on the log kill 
of R17 when Compounds 1-3 of the present invention are 
phoLoactivaled. 

FIG. 12 shows the impact of conccniration on the log kill 
of R17 when Compounds 3-6 of the present invention arc 
phoLoactivatcd. 

FIG. 13 shows the impact of concentration on the log kill 
of R17 when Compounds 2 and 6 of the present invention 
arc pholoactivaied. 

FIG. 14 shows the impact of concentration on the log kill 
□f R17 when Compounds 6 and 1 S of the present invention 
are photoaclivaied. 

FIG. 15 shows the impact of concentration on the log kill 
of R17 when Compound 16 of the prcscni invention is 
photoaclivaied. 

FIG. 16 shows the impact of varying loules/cm^ (Wall 
second/cm^) of irradiation on the log tiler of R17 for 
Compound G of the present invention. 

nC. 17 shows the impact of varying Joulc/cm^ of irra- 
diation on the log liter of R17 for Compounds 7, 9 and 10 
of the present invention. 

FIG. 18 shows the impact of varying Joules/cm^ of 
irradiation on the log titer of R17 for Compounds 7 and 12 
of the present invention. 

FIG. 19 shows the impact of varying Joules/cm^ of 
irradiation on the log titer of R17 for Compound 15 of the 
present invention. 

nC. 20 shows the impact of varying Joules/cm^ of 
irradiation on the log tiler of R17 for Compound 17 of the 
present invention. 

FIG. 21 shows the impact of varying Joules/cm^ of 
irradiation on the log liter of R17 for Compounds 6 and 17 
of the present invention. 

RG. 22 shows the impact of varying Joules/cm^ of 
irradiation on the log liter of R17 for Compounds 6 and 15 
of the present invention. 

FIG. 23 shows ihc effect of varying ihe concentration of 
Compounds 2 and 6 of the present invention, in plasma. 

FIG. 24 shows the effect of varying the concentration of 
Compounds 2 and 6 of the present invention, in synthetic 
medium. 

RG. 25A schematically shows the standard blood product 
separation approach used presently in blood banks. 

FIG. 25B schematically shows an embodiment of the 
present invcniion whereby synthetic media is introduced lo 
platelet concentrate prepared as in RG. Z5A. 
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FIG. 25C schcmaiically shows one cmbodimenl of ihc 
dcconiamination approach of the present invcniion applied 
spccificaJly to plaiclci conceniraic diluted with synthetic 
media as in FIG. 25B. 

FIG. 26A is a graph comparing a day one conlrd (CI j a ^ 
control stored for 5 days (D5), ultraviolet light alone (uv) 
and treatment with ultraviolet light and Compound 2 at 100 
MM (PCD) by their effects on platelet function as measured 
by platelet count, "n" represents the number of cxpcrimcnLs 
represented by the data point. 

FIG. 26B is a graph comparing a day one control (CI) a 
control stored for 5 days (D5), uliraviolct light alone (uv) 
and treatment with ultraviolet light and Compound 2 at 100 
jiM (PCD) by their effects on platelet function as measured 
by platelet aggregation, "n" represents the number of experi- 
ments represented by the data point. 

RG. is a graph comparing a day one control (CI) 
a control stored for 5 days (P5). ulu-aviolet light alone (uv) 
and treatincnt with ultraviolet light and Compound 2 at 100 
mM (PCD) by Lhcir effects on platelet function as measured 
by GMP-140 expression, "n" represents the number of ^ 
experiments represented by the data point. 

FIG, 260 is a graph comparing a day one control (CI), a 
control stored for 5 days (D5), ultraviolet light alone (uv) 
and treatment with ultraviolet light and Compound 2 at 100 
(PCD) by their effects on platelet function as measured 
by pH. "n" represents the number of experiments repre- 
sented by the data point. 

FIG. 27A is a graph comparing a day one control (CI) a 
control stored for 5 days (D5), ultraviolet light alone (uV) ^ 
and treatment with ultraviolet light and Compound 6 at 100 
mM (PCD) by their effects on platelet function as measured 
by platelet count, "n" represents the number of experiments 
represented by the data point. 

FIG. 27B is a graph comparing a day one control (CI) a 35 
control stored for 5 days CD5). ultraviolet light alone (uv) 
and treatment with ultraviolet light and Compound 6 at 100 
mM (PCD) by their effects on platelet function as measured 
by platelet aggregation. *'n" represents the number of experi- 
ments represented by the data point. 40 

FIG. 27C is a graph comparing a day one control (CI) a 
control stored for 5 days (D5), ultraviolet light alone (uV) 
and treatment with ultraviolet light and Compound 6 at 100 
mM (PCD) by their effects on platelet function as measured 
by GMP-I40 expression. 'V* represents the number of « 
expenmcnts represented by ihe data point. 

FTG. 27D is a graph comparing a day one control (CI) a 
control stored for 5 days (D5), ultraviolet light alone (uv) 
and treatment with ultraviolet light and Compound 6 at 100 
m (PCD) by their effects on platelet function as measured 
by pH. "n" represents the number of experiments repre- 
sented by the data point. 

FIG. 28A is a graph comparing a day one control (CI) a 
control stored for 5 days (D5), ultraviolet light alone (uv) 
and treatment with ultraviolet light and Compound 17 at 100 
mM (PCD) by their effects on platelet function as measured 
by platelet count, ''n" represents the number of experiments 
represented by the data point. 

MG. 2«B is a graph comparing a day one control (CI) a /vi 
control stored for 5 days (05), ultraviolet light alone (u'v) 
and treatment with ultraviolet light and Compound 17 at 100 
[iM (PCD) by their effects on platelet function as measured 
by platelet aggregation, "n" represents the number of experi- 
ments represented by the data point. 

FTG 28C is a graph comparing a day one control (CI), a 
control stored for 5 days (D5), ultraviolet light alone (uv) 
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and treatment with ultraviolet light and Compound 17 at 100 
mM (PCD) by their cffcct.s on platelet function as measured 
by GMP-140 expression, "n" represents the number of 
experiments represented by the data point. 

FIG. 2«D is a graph comparing a day one control (CI) a 
control stored for 5 days (D5), ultraviolet light alone (uv) 
and ircaLmcnt with ultraviolet light and Compound 1 7 at 100 
|iM (PCD) by their effects on platelet function as measured 
by pH. 'M" represents the number of experiments repre- 
sented by the data point. 

RG. 29 A is a graph comparing a day one control (CI) a 
control stored for 5 days (D5), ultraviolet light alone (uv) 
and treatment with ultraviolet light and Compound 18 at 100 
(PCD) by their effects on platelet funcUon as measured 
by platelet count, "n" represents the number of experiments 
represented by the data point 

FIG. 29B is a graph comparing a day one control (CI) a 
control stored for 5 days (D5). ultraviolet light alone (uv) 
and treatment with ultraviolet light and Compound 1 8 at 1 00 
(PCD) by their effects on platelet function as measured 
by platelet aggregation, "n" represents the number of experi- 
ments represented by the data point. 

FIG. 29C is a graph comparing a day one control (CI) a 
control stored for 5 days (D5), ultraviolet light alone (uv) 
and treatment with ultraviolet light and Compound 18 at 100 
jiM (PCD) by their effects on platelet function as measured 
by GMP-140 expncssion. "n" represents the number of 
experiments represented by the data point. 

FIG. 29D is a graph comparing a day one control (CI) a 
control stored for 5 days (D5), ultraviolet light alone (uv) 
and treatment with ultraviolet light and Compound 18 at 100 
mM (PCD) by their effects on platelet function as measure 
by pH. -'n" represents the number of experiments repre- 
sented by the data point. 

DESCRIPTION OF TI^E INVENTION 



The present invention provides methods of inactivating 
bactena in health related products to be used in vivo and in 
viu-o, and in particular, blood products, which do not sig- 
nificantly effect blood product function or exhibit mutaee- 
nicity. ^ 

The inactivation methods of the present in%^eniion provide 
methods of mactivating pathogens, and in particular, bacte- 
na, m blood products prior to use in vitro or in vivo In 
contrast with previous approaches, the method requires only 
short irradiation times and there is no need to limit the 
concentration of molecular oxygen. 

The description of the invention is divided into the 
following secUons: )) Photoactivation Devices. II) Com- 
pound Synthesis, IH) Binding of Compounds to Nucleic 
Acid, IV) Inactivation of Contaminants, and V) Preservation 
of Biochemical Properties of Material Treated 
f. PHOTOACnVATION DEVICES 

The present invention contemplates devices and methods 
for photoactivalion and specifically, for photoaclivalion of 
photorcacUvc nucleic acid binding compounds. The present 
invention contemplates devices having an inexpensive 
source of electromagnetic radiation that is integrated into a 
umt. In genera], the present invention contemplates a pho- 
toactivalion device for treating photoreactivc compounds, 
compnsmg: a) means for providing appropriate wavelengths 
of electromagnetic radiation to cause photoactivation of at 
least one photoreacUve compound; b) means for supporting 
a plurality of samples in a fixed relationship with the 
radiation providing means during photoactivation; and c) 
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means for maintaining ihc icmpcraiurc ofihc samples within 
a desired Lcmpcraiurc range during photoacLivaiion. The 
present invention also contemplates methods, comprising: aj 
supp<.)rting a plurality of sample containers, containing one 
or more photorcactivc compounds, in a fixed relationship 5 
with a fluorescent source of cicclromagnclic radiation; b) 
irradiating the plurality of sample containers simultaneously 
with electromagnetic radiation to cause photoactivation of at 
least one photorcactivc compound; and c) maintaining the 
temperature of the sample within a desired temperature to 
range during photoactivation. 

The major features of one embodiment of the device of 
the present invention involve: A) an inexpensive source of 
ultraviolet radiation in a fixed relationship with the means 
for supporting the sample containers, B) rapid photoactiva- 15 
lion, C) large sample processing, D) temperature control of 
the irradiated samples, and E) inherent safety. 
A. Electromagnetic Radiation Source 

Many sources of ultraviolet radiation can be successfully 
used in decontamination protocols with psoralens. For 20 
example, some groups have irradiated sample from above 
and below by General Electric type F20T12-BLB fluores- 
cent UVA bulbs with an electric fan blowing gently across 
the lights to cool the area. Alter, H. J., et al., The Lancet, 
24:1446 (1988). Another group used Type A405-TLGW/05 25 
long wavelength ultraviolet lamp manufactured by R W. 
Allen Co., London placed above the virus samples in direct 
contact with the covers of pctri dishes containing the 
samples, and was run at room temperature. The total inten- 
sity delivered to the samples under these conditions was 30 
1.3x10'' photons/second cm^ (or 0,7 mW/cm^ or 0.0007 
J/cm^ sec) in the petri dish. Hearst, J. E., and Thiry, L., 
Nucleic Acids Research, 4:1339 (1977). However, without 
intending to be limited to any type of photoactivation device, 
the present invention contemplates several preferred 35 
arrangements for the photoactivation device, as follows. 

A preferred photoactivation device of the present inven- 
tion has an inexpensive source of ultraviolet radiation in a 
fixed relationship with the means for supporting the sample 
vessels. Ultraviolet radiation is a form of energy that occu- m 
pies a portion of the electromagnetic radiation spectrum (the 
electromagnetic radiation spectrum ranges from cosmic rays 
to radio waves). Ultraviolet radiation can come from many 
natural and artificial sources, Depending on the source of 
ulu-aviolet radiation, it may be accompanied by other (non- 45 
ultraviolet) types of electromagnetic radiation (e.g. visible 
light). 

Particular types of ultraviolet radiation are herein 
described in terms of wavelength. Wavelength is herein 
described in terms of nanometers ("nm"; 10 meters). For 5o 
purposes herein, ultraviolet radiation extends from approxi- 
mately 180 nm to 400 nm. When a radiation source, by 
virtue of filters or other means, does not allow radiation 
below a particular wavelength (e.g. 320 nm), it is said to 
have a low end "cutoff" at that wavelength (e.g. "a wave- 55 
length cutoff at 300 nanometers"). Similarly, when a radia- 
tion source allows only radiation below a particular wave- 
length (e.g. 360 nm), it is said to have a high end "cutoff' 
at that wavelength (e.g. "a wavelength cutoff at 360 nanom- 
eters"), 60 

For any phoiochcmica] reaction it is desired to eliminate 
or least minimize any deleterious side reactions. Some of 
these side reactions can be caused by the excitation of 
endogenous chromophores that may be present during the 
photoactivation procedure. In a system where only nucleic 65 
acid and psoralen are present, the endogenous chromophores 
are the nucleic acid bases themselves. Restricting the pho- 



toactivation process 10 wavelengths greater than 320 nm 
minimizes direct nucleic acid damage since there is very 
little absorption by nucleic acids above 313 nm. 

In human scrum or plasma, for example, the nucleic acid 
is typically present together with additional biological con- 
stituents. If the biological fluid is just protein, the 320 nm 
cutoff will be adequate for minimizing side reactions (aro- 
matic amino acids do not absorb above 320 nm), If the 
biological fluid includes other analytcs, there may be con- 
stituents that are sensitive to particular wavelengths of hghi. 
In view of the presence of these endogenous constituents, it 
is intended that the device of the present invention be 
designed to allow for irradiation within a small range of 
specific and desirable wavelengths, and thus avoid damage 
blood components. The preferred range of desirable wave- 
lengths is between 320 and 350 nm. 

Some selectivity can be achieved by choice of commer- 
cial irradiation sources, For example, while typical fluores- 
cent tubes emit wavelengths ranging from 300 nm to above 
400 nm (with a broad peak centered around 360 nm), BLB 
type fluorescent lamps are designed to remove wavelengths 
above 400 nm. This, however, only provides an upper end 
cutoff. 

Jn a preferred embodiment, the device of the present 
invention comprises an additional filtering means. In one 
embodiment, the filtering means comprises a glass cut-off 
filter, such as a piece of Cobalt glass. In one embodiment, 
the filtering means is BK-7 glass, available from Shott Glass 
Technologies, Inc. Duryca, Pa. In another embodiment, the 
filtering means comprises a liquid filter solution that trans- 
mits only a specific region of the electromagnetic spectrum, 
such as an aqueous solution of Co(No3)2. This salt solution 
yields a transmission window of 320-400 nm. In a prefemed 
embodiment, the aqueous solution of Co(No3)2 is used in 
combination with NiS04 to remove the 365 nm component 
of the emission spectrum of the fluorescent or arc source 
employed. The Co — Ni solution preserves its initial trans- 
mission remarkably well even after tens of hours of expo- 
sure to the direct light of high energy sources. 

It is not intended that the present invention be limited by 
the particular filter employed. Several inorganic salts and 
glasses satisfy the necessary requirements. For example, 
cupric sulfate is a most useful general filler for removing the 
infra-red, when only the ultraviolet is to be isolated. Its 
stability in intense sources is quite good. Other salts are 
known to one skilled in the art. Aperture or reflector lamps 
may also be used to achieve specific wavelengths and 
intensities. 

When ultraviolet radiation is herein described in terms of 
irradiation, it is expressed in terms of intensity flux (milli- 
watts per square centimeter or "mW cm-2" or J/cm^sec). 
"Output" is herein defined to encompass both the emission 
of radiation (yes or no; on or off) as well as the level of 
irradiation. In a preferred embodiment, intensity is moni- 
tored at 4 locations: 2 for each side of the plane of irradia- 
tion. 

A preferred source of ultraviolet radiation is a fluorescent 
source. Fluorescence is a special case of luminescence. 
Luminescence involves the absorption of electromagnetic 
radiation by a substance and the conversion of the energy 
into radiation of a different wavelength. With fluorescence, 
the substance that is excited by the electromagnetic radiation 
returns to its ground state by emitting a quantum of elec- 
tromagnetic radiation. While fluorescent sources have here- 
tofore been thought to be of too low intensity to be useful for 
photoactivation, in one embodiment the present invention 
employs fluorescent sources to achieve results thus far 
achievable on only expensive equipment. 
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. rfvnH H . "f^ '■'^laiionship Is defined as comprising 
a fixed distance and geometry between the sample L .he 
■ght source dunng the sample irradiation. Distance relates 

supported It IS known thai light intensity from a point 
ource ts inversely related to the sqturc of the distaree Zm 
he point source. Thus, small changes in the distance from 

rh Jn?'^'^ "^-^ ^ ''"P^'^l °" ''"'cnsily. Since 

^h!^f '".•'"'^"'"y ™P^' ptoioaciivation results, 
changes m distance are avoided in the devices of the present 
invention. This provides reproducibility and repeatability 
F„?^,T7 '^^'"'"''".'^^ positioning of the light source, 
hor example It can be imagined that light sources could be 
placed around the sample holder in many ways (on the sides 
on the bottom, in a circle, etc.). The geometry used in a 
preferred enibodiment of the present invention allows for 
uniform light exposure of appropriate intensity for rapid 
photoaclivalion. The geometry of a preferred device of fhe 
present invention involves multiple sources of linear lamps 
SvnrT'*^ '° P°i« >'0"ces- In addition, then: are 

«:veral reflective surfaces and several absorptive surfaces 
Because of this complicated geometry, changes in the loca- 
tion or number of the lamps relative to the position of the 
samples to be irradiated are to be avoided in that such 
changes will result in intensity changes. 
B. Rapid Photoaclivalion 

The light sourw of the preferred embodiment of the 
present invention allows for rapid photoaclivalion The 
in tensity characteristics of the irradiadon device have been 
selected to be convenient with the anticipation ihai many 
sets of muluple samples may need to be processed. With this 
anticipation, a fifteen minute exposure time or less is a 
praciical goal. 

In designing the devices ofthe present invention, relative 
posmon of the elements of the preferred device have been 
optirnized to allow for approximately fifteen minutes of 
J^iiation time, so that, when measured for the wavelengths 
between 320 and 350 nanometers, an intensity flux greater 
than approximately I mW cm-^ (0.001 J/cm^ sec.) is pro- 
vided to the sample vessels. 
C. Processing of Laije Numbers of Samples 

As noted, another important feature ofthe photoaclivalion 
devices of the present invention is that they provide for the 
processing of large numbers of samples. In this regard, one 
element of the devices of ihe present invention is a means for 

comprises a blood bag support placed between two banks of 
lights. By accepting commonly used commercially available 
bags, the device of the present invention allows for conve- 
nient processing of large numbers of samples. « 
D. Temperature Control 

As noted, one of the importanl features ofthe photoacti- 
va ion devices of the present invention is temperature con- 
trol. Temperature control is important because the tempera- 
ture of ihc sample in the sample at the time of exposure to 35 
light can diamaucally impact the results. For example 
conditions that piDmote secondary slrticture in nucleic acids 
also enhance the alBnity constants of many psoralen deriva- 

m™ "i^"' Bi«<^hcmistiy. 17, 

i-::>i (W8). These condiiions arc a mix of both solvent «• 
composition and temperature. With single stranded 5S ribo- 
soma] UNA irradiatioii at low temperatures enhances the 
covalent addiuon of HMT to 5S rRNA by two fold at 4= C 
compar^ ,o 20° C. TT^mpson et al., J. Mol. Biol. 147:417 
n Jli temperature induced enhancements of 63 

psoralen binding have been reported with synthetic poly- 
nucieotides, Thompson et al., Biochemistry 21:1363 (1982) 
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E. Inherent Safely 

Uhraviulct radiation can cause severe bums. Dcpendine 

on the nature of the exposure, it may also be carciriogenic 

The light source of a preferred embodiment of the present 

■nvcniion is shielded from the user Tliis is in contrasuo the 

commercial hand-held ultraviolet sources as well as the 

large, high intensity sources. In a preferred embodiment the 

irradiation source is contained within a housing made of 

material that obsu^cts the traiismis.sinii of radiant encrev 

(i.c. an opaque housing). No irradiation is allowed to passto 

n V"Aw,I^ * «^«y for the user 

II. COMPOUND SYNTHHSIS 

A. Photoaclivalion Compounds in General 

•■Photoactivalicn compounds" (or "photorcactive com- 
pounds defines a family of compounds that undergo 
chemical change in response to electromagnetic radiation 
2le 1 " ^ °^ P''«<'a'=''^ation compounds. 

Photoaclivalion Compounds 
Actinomycins 
Anihracyclinones 
Anthramycin 
Benzodipyroncs 
Fluorcnes and fluorenones 
Furocoumarins 
Mitomycin 
Monostral Fast Blue 
Norphillin A 

Many organic dyes not specifically listed 

Phenanthridines 

Phenazathionium Salts 

Phenazines 

Phenothiazines 

Phenylazides 

Quinolincs 

Thiaxanthenones 

The preferred species of photoreactivc compounds 
descnbed herein is commonly referred to as the furocou- 
manns. In panicular, the present invention contemplates 
hose compounds described as psoralens: [7H-furx)(3 2-8)- 
l)-benzopyian.7-one. or P-lacione of 6-hydroxy-5-benM- 
furanacryhc acid], which are linear 




and m which the two oxygen residues appended to the 
central aiDmaiic moiety have a 1, 3 orientation, and fiinher 
in which the ftiran ring moiety is linked to the 6 position of 
the two nng coumarin system. Psoralen derivatives are 
dcnved l^rom substitution ofthe linear fuiDCoumarin at the 3 
4, 5. 8. 4, or 5 positions. 

8-Methoxypsoralen (known in the literature under various 
named, e.g., xanthotoxin, methoxsalen. 8-MOP) is a natu- 
rally occurring psoralen with relatively low photoactivated 
binding to nucleic acids and low muugenicity in the Ames 
assay, which is described in the following experimental 
section. 4-AminomethyI-4,5',8-trimcthylpsora]en (AMT) is 
one of most reactive nucleic acid binding psoralen denva- 
Uves. providing up to 1 AMTadduct per 3.5 DNA base pairs. 
S T Isaacs, G. Wiesehahn and L. M. Hallick, NCI Mono- 
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graph 66: 21 (1984). However, AMT also exhibits signifi- 
cant levels of muiagcniciLy. A new group of psoralens was 
desired which would have Lhc besi characicristics of both 
8-MOP and AMT: low mulagcnicily and high nucleic acid 
binding affiniLy, to ensure safe and thorough iraclivaiion of 
paihogcns. The compounds of the present invcnUon were 
designed to be such compounds. 

'*4'-primar>amino-subsLiiuLcd psoralens" are defined as 
psoralen compounds which have an NH^ group linked lo the 
4'-posUion of lhc psoralen by a hydrocarbon chain having a 
toul length of 2 LO 20 carbons, where 0 to 6 of those carbons 
are independently replaced by NH or O, and each point of 
replacement is separated from each other point of replace- 
ment by at least two carbons, and is separated from Lhc 
psoralen by at least one carbon 4'- primary amino- sub stiLulcd 
psoralens may have additional subsLituiions on the 4, 5', and 
8 positions of the psoralen, said substitutions include, but arc 
not limited to, the following groups: H and (CH2)^CH3, 
where n=0-6. 

"5 -primary ami no -substituted psoralens" are defined as 
psoralen compounds which have an NX^ group linked to the 
5'-position of the psoralen by a hydrocarbon chain Having a 
total length of 1 to 20 carbons, where 0 to 6 of those carbons 
are independently replaced by NH or O. and each point of 25 
replacement is separated from each other point of replace- 
ment by at least two carbons, and is separated from the 
psoralen by aL least one carbon. 5'-primar>amino-substiLuied 
psoralens may have additional substitutions on the 4, 4', and 
8 positions of the psoralen, said subsituLions include, but are 30 
not limited to, the following groups: H and (CH2)„CH3, 
where n=0-6. 

B. Synthesis of the Psoralens 

The present invention contemplates synthesis methods for 
the novel compounds of the present invention, as well as 35 
new synthesis methods for known intenmediates. Specifi- 
cally, the novel compounds are mono, di or trialkylatcd 4'- 
or 5'- primary amino- substituted psoralens. Severid examples 
of the schemes discussed in this seciion arc shown in FIGS. 
lOA-lOF. For ease of reference, TABLE 2 sets forth the 
nomenclature used for the psoralen derivatives discussed 
herein. The structures of compounds 1-18 arc also pictured 
in FIGS. lOA-lOF. Note that this section (entitled "B. 
Synthesis of the Psoralens") the roman numerals used to 
idcniify compounds correlate with Schematics I ~6 only, and 45 
do not correlate with the compound numbers listed in Table 
2 or RGS. lOA-lOF. 
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TABLE 2^continLJcd 





It 


COMPOUND 


5 


14 


4' (9 amino-?i'a7a-2-OKa)nonyl-4,5',8- 






Uimclhylpsoralcn 




15 


4-(]4-aniino-2.6.1 1 -tria/JiJteiiatlctyl^^.B- 






lrimcthylpsoTalen 




16 


5'-f4-anLno-2-a7a)bulyl'4,4',8-lrimcUiylpsoralcn 




17 


5'-(6'ani]no-2-a2a)hcxyI-4,4',8-irimctli>tpsoralcn 


10 


18 


5'-(4-omino-2 OKa)buiyl-4,4',8-lnmelhyIpfcoraJcn 



TABLE 2 



COMPOUNfD 
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1 4'-(4~iniino-2-aza)buly!^,5'.8-trinicihylpsoralcn 

2 4'-(4-anijno-2-oxa)bulyI4,5',S-trimeihylpsoTalen 

3 4'-(2-aminocthyl)-4,5',8-triraclhylpsoralen 

4 4X5-aimnc>-2-oxa)pcntyl-4,y.8-triinethyIp«)ra]cn 

5 4'-(5-Biriino-2-a2a)pciiiyl 4,5',8-lriinethylpsoralen 

6 4''(S-aTTiinft-2-aza)hejiyl-4.5'.8-mnnclhylpsoralcn 

7 4'-C7-aiTnnD-2,5 oxa)hepty]-4,5*,8 
trimeihylpsoralcn 

8 4' (]2-anrino-8-aza-2.5-dioxa)dodccyl 4,5 .8- 
trimcthylp^oralc^ 

9 4'-(13-aniino-2-aza-6.U -d)oxaXridccyl-4.5'.8- 
trimethylpsoraJcn 

10 4'-r7-anuno-2-aza)hcptyl-4,5',8mineihy]pK>ra]cn 
] I 4'-(7-anuno-2 a2a-:S-oxa)hcptyl-4,5',8- 
tri^lelhylpso^alen 

12 4'-(9-amino-2,6-diiiza)nonyl^.5',8- 
triiTKihylpsoralen 

13 4'-(8-amino-5-aza-2-oxa)octyl-4,5'.K 
trinKthylpsoralen 
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U is most logical to first describe the synthesis of inter- 
mediates useful in synthesizing many of lhc compounds of 
the present invention. While the invcnLion is not limited to 
4, 5\8-iri methyl -4' -primary amino -substituted psoralens or 
4!4',8-trimcthyl-5'-primaryamino-substituted psoralens, 
some important intermediates include iri- and tetramethyl 
psoralens, 4'-halomeihy L4,5', 8 -irimethyl psoralens and 
5 -halomethyl-4,4\8-irimcthylpsoralens. The preparation of 
these critical intermediates presents difficult challenges. 

Synthesis of Intermediates 

Previous syntheses of 4'-chloromcthyi-4,5',8-trimethylp- 
soralen (4'-CMT) and 4'-bromomethyL4^',8-trimcthylpsor- 
alen (4 -BrMT) start from 4,5',8-tri methyl psoralen (5'-TMP) 
which is commercially available (Aldrich Chemical Co., 
Milwaukee, Wis.) or can be prepared in four steps as 
described below for other alkylated psoralens. 5'-TMP is 
converted to 4'-CMT using a large excess (20-50 equiva- 
lents) of highly carcinogenic, and volatile chloromethyl 
methyl ether Halomethylation of the 4,5',8-lrialkylpsoralcns 
with chloromethyl methyl ether or bromomelhyl methyl 
ether is described in U.S. Pat. No. 4,124,598, to Hearst. The 
bromo compound, 4'-BrMT, is likewise prepared using 
bromomethyl methyl ether which is somewhat less volatile. 
Yields of only 30--60% of the desired intermediate arc 
obtained. The 5'-chloromelhyl-4.4',8-trimelhylpsoralcn (5'- 
CMT) and 5'-bromomcthyl-4,4',8-trimcthylpsoralen (5'- 
BrMT) are prepared similarly, using the isomeric starling 
compound, 4,4',8-trimcihylpsoralen (4'-TMP) [U.S. Pal. No. 
4,294,822, to Kaufman; McLeod, et al,, "Synthesis of Bcn- 
zofuranoid Systems. 1. Furocoumarins, Benzofurans and 
Dibenzofurans," Tetrahedron Letters 237 (1972)]. Some he 
figures referred to in the synthesis dcscussion that follows 
contain roman numerals used for labeling structures that 
embody more than one compound. This numbering system 
is distinct from, and not to be confused with, the numbering 
system of Table 2, above, which was used to identify several 
specific compounds. 

Described herein is a much improved procedure which 
allows for the synthesis of cither isomer of the bromom- 
ethyl -tri alky Ipsoralens from the same psoralen precursor by 
careful control of reaction conditions. Sec FIG. I. In FIG. 1, 
Al and A2 arc independently selected from the group 
comprising H and an alky] chain having 1-6 carbon atoms. 
Reaction of the 4,8-dialkyl-7-hydroxycoumarin with 
2-chloro-3-buiaroTK! under typical basic conditions, pro- 
vides 4,8-dialkyl-7-(l-methyl-2-uxo)propyloxycoumarin 
(I). This material is cyclixcd by heating in aqueous NaOH to 
provide 4,8-dialkyl-4',5'-dimcthyIpsoralcn (II). Treatment of 
the teu-asubstitutcd psoralen and N-bromosuccinimide 
(NRS) in a solvent at room temperature up to 150° C. leads 
to bromination at the 4'- or 5'- position, depending upon the 
conditions used. A catalyst such as dibcnzoyl peroxide may 
be added, but is not necessary. If the solvent used is carbon 
teuachloridc at reflux, 4,8-dialkyl-5'-bromomethyl-4' mcth- 
ylpsoralcn (TV) is obtained in yields of 50% or greater. If 
methylene chloride is used at room temperature, only 4,8- 
dialkyl-4'-bromomcthyl-5'-methylp5oraIcn (HI) is obtained 
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in >80% yield. Bcnzylic bromination in oihcr solvents can 
also be done, generating one of the isomeric product alone 
or in a mixiurc. These solvents include, but arc not limited 
to 1,2-dichloroethanc, chloroform, bromotrichloromclhanc 
and bcn/enc. ^ 

General Scheme ot Synthesis of 4*-Subsiiiutcd 
Psoralens 

Turning now to the synthesis of a subclass of the linear 
psoriilens, 4,5",8-trialkylpsora]cns can be made &s follows. 
The 4,8-dialkylcoumarins are prepared from 2-aIkylre5orci- 
nols and a 3-oxoalkanoatc ester by the Pechmann reaction 
(Organic Reactions Vol VTl. Chap ]. ed. Adams ci al, Wiley, 
N.Y., (1953)). The hydroxy group is treated with an allylat- 
ing reagcm. CH;,=CHX -CH(R)— Y, where X is a halide 
or hydrogen, Y is a halide or sulfonate, and R is H or 
{CU2)J2H^, where v is a whole number from 0 to 4. Claiscn 
rearrangement of the resultant allyl eihcr gives 4,8-dialkyl- 
6-allyl-7-hydroxycoumarin. The coumarins are converted to 
the 4,5',8-trialkylpsoralens using procedures similar lo one 20 
of several previously described procedures (i .e ., see, Bender 
et al, J. Org. Chem. 44:2176 (1979); Kaufman, U.S. Pat. 
Nos. 4,235,781 and 4,216,154, hereby mcorporated by ref- 
erence). 4,5',8-Trimethyl psoralen is a natural product and is 
commercially available (Aldrich Chemical Co., Milwaukee 
Wis.). ' 

General Scheme of Synthesis of 5'-Substilutcd 
Psoralens 
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The 4.4',8-trialkylpsoralens can be prepared in two steps 
also starting from the 4,8-dialkyl-7-hydroxycoumarins dis 
cussed above, 'llic coumarin is treated with an alpha-chloro 
ketone under basic conditions to give the 4,8-dialkyl-7-(2- 
oxoalkoxy)coumarin. Cyclizaticn of this intcrmadiale to the 
4,4',8-trialkylcoumarin occurs by healing in aqueous base. ^5 

Longer chain 4'-(ca-haloalkyl)irialkylpsoralens (herein 
referred to as longer chain 4 -HATP) where the alkyl groups 
are selected from the group (CHJ^ lo (CH2)io can be 
prepared under Frcidel-Crafts conditions as discussed else- 
where (Olah and Kuhn, J. Org Chem., 1964, 29, 2317; -«> 
Friedel-Crafts and Related Reactions, Vol. II, Pan 2, Olahi 
ed., Interscience. N.Y., 1964, p 749). While reactions of the 
halomeihyl- intermediates with amines (c.g . Hearst et al., 
U.S. PaL No. 4J24,598), and alcohols (e.g., Kaufman. U.S.' 
Pat. No. 4,269,852) have been described, there are only two 45 
original reports on the formation of extended chain primary 
amines. They describe the reaction of the 4'-chloromethyl- 
4,5',8-lrinicthyl psoralen with HjN-CCH^)^— NH2 (where 
n=2, 4, 6) (Lee, B., et al. ^Interaction of Psoralen- Deri va- 
ti/.ed Oligodeoxyribonucleoside Methylphosphonalcs with 
Single-Stranded DNA," Biochemistry 27:3197 (1988), and 
with H2NCH2CH2SSCH2CH2NH2 (Goldenberg, M„ et al., 
"Synthesis and Properties of Novel Psoralen Derivatives," 
Biochemistry 27:6971 (1988)) The utility of the resulting 
compounds for nucleic acid photorcaction has not previ- 
ously been reported. The properties of these materials, such " 
as decreased mutagenicity, are unexpected based on what is 
known about previously prepared compounds, such as AMY. 

Several synthesis routes are shown in FIG. 2 Starting 
from the 4'-HATP (where w is a number from 1-5; A,, A2 
and A3 are independently selected from the group compris- ^ 
ing H and (CH^^C^^^ where v is a number from 0 to 5; and 
where X-Br. CI or 1), reaction with an excess of a bis- 
hydroxy compound, HO— (B)— OH, where B is either: an 
alkyl chain (e.g., HO— (B)— OH is 1 ,3-propanedioI), a 
monoether (e g., diethylene glycol) or a polycther (e.g., 6^ 
tetraethylcne glycol); which is less than or equal to 18 
carbon atoms long, either neat or with a solvent such as 



acetone at 20''-80'' C, and a base for the carbon chains 
longer than halomeihyl, gives a (a)-hydroxyalkuxy)alkyl 
psoralen. The terminal hydroxy group can be transformed lo 
an amino group under a variety of conditions (for example 
sec Larock, "Comprehensive Organic Transformations," 
VCH Publishers, New York. 1989). Particularly, the hydTX)xy 
group can be converted to the ester of methane sulfonic acid 
(structure VI) in the presence of mcihanesulphony] chloride 
(CH3SO3CI). This can subsequently be converted to the 
azidc in rcfluxing cthanol and the a/ide reduced to the final 
amine, structure VII (examples are Compounds 2, 4 and 7], 
The method described herein utilizes triphcnylphosphinc 
and water in Ictrahydrofuran (THF) for the reduction but 
other methods are contemplated. 

A preferred method of preparation of structure VII uses 
the reaction of 4'-HATP with a primary linear alcohol 
containing a protected amine (e.g., a phihalimido group) al 
the terminal position in a suitable solvent such as DMF at 
25°- 150° C. to give V. T^e amine is then deprotected under 
standard conditions (e g., hydrazine or aqueous MCNII2 to 
deproieci a phihalimido group [higher alkyl hydra7ines, 
such as benzyl hydrazines, are also contemplated]) to give 

Conversely, structure V] can be reacted with diamines, 
H2N-(B')-NH2 where B' is an alkyl chain (e.g., 1.4,-butane- 
diaminc), a monoether (e.g., 3-oxa-l,5-pentanediamine) or a 
polycther (e.g., 3,6-dioxa 1,8-octanediamine) to give the 
filial product, compound VIII (examples of compounds in 
this structure group arc Compounds 8, 13 and 14). This 
reaction is carried out with an excess of diamine in aceto- 
nitrile at reflux, but other solvents and temperatures are 
equally possible. 

Some final compounds arc desired in which the carbon 
chain is linked to the 4'- position of the psoralen ring hy an 
aminoalkyi group [NT{(CH2)^I rather than by an oxyalkyi 
group {0(Cll^J. Synthesis pathways for these compounds 
are shown in FIG. 3, When the linkage between this nitrogen 
and the terminating nitrogen contains only CHj subunits and 
oxygen but no other nitrogens (structure X) (examples arc 
Compounds 1, 5, 6, 9, 10 and 11), the product can conve- 
niently be prepared from the 4'-HATP and the appropriate 
diamine of structure IX. This method is also applicable to 
final products that contain more than two nitrogens in the 
chain (structure XITI) (examples are Compounds 12 and 15) 
starting from polyamincs of slmcture XII (e.g., norspermi- 
dine or spermine [commercially available from Aldrich, 
Milwaukee. Wis.l), however, in this case isomeric structures 
are also formed in considerable amounts. The preferred 
method for the preparation of structure XITI is reductive 
amination of the psoralcn-4'-alkanal (XI) with a polyamine 
of structure Xn and a reducing agent such as sodium 
cyanoborohydride. This reduaive amination is applicable to 
the synthesis of compounds X as well. The carboxaldehydes 
(structure XI, w=0) have been prepared previously by 
hydrolysis of the 4'-haIomethyl compounds and subsequent 
oxidation of the rcsullant 4^hydroxy methyl compound. 
Osaacs et al, J. Labelled Cmpds. Radioph arm., 1982. 19, 
345). These compounds can also be conveniently prepared 
by formylaiion of the 4'-hydrido compounds with a forma- 
midc and POClg, or with hexamethylene tetraamine in acid. 
Longer chain alkanals can be prepared from the 4' HATP 
compounds by conversion of the terminal halo group to an 
aldehyde functionality (for example, Durst, Adv. Org. Chem 
6:285 (1969)). 

Other final products have a terminal amine linked to the 
psoralen by an alkyl chain. As shown in FIG. 4, these 
compounds (structures XIV) (an example is Compound 3) 
arc prepared either 1} by reaction of the 4'-HATP with 
potassium phthalimide or azide and subsequent liberation of 
the desired amine as before, for example, with hydrazine, or 
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2) conversion of the 4'-HATP lo the cyanide compound, 
fullowcd by nxluclion. for example with NaBH^— 
CF3CO2M. 

The discussion of ihe conversion of 4,5',8-Lrialkylpsor- 
alens 10 4'-aminofunclionalizcd-4,5',8-trialkylpsoraJcns 5 
applies equdlly well when the 4- and/or S-position is sub- 
stituted with only a hydrogen, thus providing 4'-prima- 
ryamiTio-substituted-5', (4 or 8)- di alky] psora! ens and 4'-pri- 
maryamino-substitutcd-5'-aIkylpsora]cns. 

10 

Synthesis of 5' Derivatives 

Under identical conditions to those described above, ihc 
4,4 ',8-tri alky Ipsoral ens or the 4,4',8-triaIkyl-5'-methylpsor- 
alens can be converted to the 5'-(ca-haloalky])-4,4',g-tria]ky- 
Ipsoralcns, (herein called 5'-HATP), as detailed in Schematic 
5, below. (See Kaufman, U.S. Pat. No. 4,294,822 and 
4,298,614 for modified version). 

The discussion of the conversion of 4,4',8-trialkylpsor- 
alens to 5'-primaryamino-subsiiiuted-4,4',8-tria]kylpsor- 
alens applies equally well when the 4-, 4'- and/or 8-positions ^ 
arc just substituted with a hydrogen, thus providing 5'-pri- 
mary amino- substituted- dialkylpsoralcns and 5'-prima- 
ryamino-substituted-alkylpsoralcns, with the alkyl group(s) 
at the 4-, 4'- and/or 8- positions. 

The discussion above of the syntheses of 4'-prima- ^ 
ryamino- and 5'-primaryamino-psoralens can be extended to 
the non-linear coumarins. specifically the isopsoralens or 
angel icins. Thus, the 4'-halomethylangelicins (XTX) and the 
5'-halomethylangelicins (XX) can be prepared in a similar 
manner to their linear coumerparts. By analogy with the 30 
synthetic pathways 

Ai xtx 




35 



50 



presented above one can envision the synthesis of 4'-Ca>- 
amino)alkylangelicins and 5'-(a>-amino)alkylangelicins 
where the alkyl linkage can contain one or more oxygen or 
nitrogen atoms. 

III. BINDING OF COMPOUNDS TO NUCLEIC ACID 

The present invention contemplates binding new and 
known compounds to nucleic acid, including (but not lim- 
ited to) viral nucleic acid and bacterial nucleic acid. One 
approach of the present invention to binding photoacti vation ^ 
compounds to nucleic acid is photobinding. Photobinding is 
defined as the binding of photobinding compounds in the 
presence of photoactivating wavelengths of tight. Photobin- 
ding compounds are compounds that bind to nucleic acid in 
the presence of photoactivating wavelengths of light. The 65 
present invention comemplates methods of photobinding 
with photobinding compounds of the present invention, 
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One cmbodimcni of the method of ihc present invention 
for photobinding involves the steps: a) providing a photo- 
binding compound of the present invention; and b) mixing 
the photobinding compound with nucleic acid in the pres- 
ence of photoactivaiion wavelengths of electromagnetic 
radiation. 

The invention further contemplates a method for modi- 
fying nucleic acid, comprising the steps: a) providing pho- 
tobinding compound of the present invention and nucleic 
acid; and b) photobinding the photobinding compound lo the 
nucleic acid, so that a compound:nuclcic acid complex is 
formed. Without intending to be limited to any method by 
which the compounds of the present invention prevent 
replication, it is believed that the structure of said com- 
pound: nucleic acid complex serves to prevent replication of 
the nucleic acid by preventing the necessary polymerase 
from acting in the region where the compound has bound. 
IV. INACnVATION OF PATHOGENS 

The present invention contemplates treating a blood prod- 
uct with a photoacti vation compound and irradiating to 
inactivate contaminating pathogen nucleic acid sequences 
before using the blood product. 

A. Inacli vation In General 

The tenn "inactivalion" is here detined as the altering of 
the nucleic acid of a unit of pathogen so as to rerxicr the unit 
of pathogen incapable of replication. This is distinct from 
"total inacti vation' \ where all pathogen units present in a 
giver sample arc rendered incapable of replication, or "sub- 
stantial inacdvation," where most of the pathogen units 
present are rendered incapable of replication. "Inacti vation 
efficiency" of a compound is defined as the level of inacti - 
vation the compound can achieve at a given concentration of 
compound or dose of irradiation. For example, if 100 of 
a hypothetical compound X inactivated 5 logs of HIV virus 
whereas under the same experimental conditions, the same 
concentration of compound Y inactivated only 1 log of virus, 
then compound X would have a better "inactivaiion efB- 
ciency" than compound Y. 

To appreciate that an "inacti vation" method may or may 
not achieve "total inaclivation," it is useful to consider a 
specific example. A bacterial culture is said to be inactivated 
if an aliquot of the culture, when transferred lo a fresh 
culture plate and permitted to grow, is undetectable after a 
certain lime period. A minimal number of viable bacteria 
must be applied to the plate for a signal lo be detectable. 
With the optimum detection method, this minimal number is 
1 bacterial cell. With a sub optimal detection method, the 
minimal number of bacterial cells applied so that a signal is 
observed may be much greater than I . The detection method 
determines a "threshold" below which the "inactivation 
method" appear to be completely effective (and above 
which "inactivation" is, in fact, only partially eflective). 

B. Inactivation of Potential Pathogens 

The same considerations of detection method and thresh- 
old exist when determining the sensitivity limit of an inac- 
dvation method for nucleic acid. Again, "inacli vation" 
means that a unit of pathogen is rendered incapable of 
replication. 

In the case of inactivation methods for material lo be used 
by humans, whether in vivo or in vitro, the detection method 
can theoretically be taken to be the measurement of the level 
of infection with a disease as a result of exposure to the 
material. The threshold below which the inactivation 
method is complete is then taken lo be the level of inacti- 
vation which is sufficient to prevent disease from occuring 
due to contact with the material. It is recognized that in this 
practical scenario, it is not essential that the methods of the 
present invention result in "total inactivation". TTiat is to say, 
"substantia] inactivation" will be adequate as long as the 
viable portion is insufScient to cause disease. Thus "sub- 
stantially all" of a pathogen is inactivated when any viable 
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portion of ihc pathogen which remaining is insufTicicnl lo 
cause disease, The inaclivaiion mcihod of the prcscnL invcn- 
lion renders nucicic acid in pathogens subsianiially inacti- 
vated. In one cmbodinncnl. Ihc inactivation mcihod renders 
paihogcn nucicic acid in blood preparations subsiandalty 
inactivaicd, 

Wiihoui intending to be limited to any method by which 
the compounds of ihc present invention inactivate patho- 
gens, it is believed thai inactivation results from light 
induced binding of psoralens to pathogen nucleic acid. 
Further, while it is not intended that the inactivation method 
of the present invention be limited by the nature of the 
nucicic acid; it is contemplated that the inactivation method 
render all forms of nucleic acid (whether DNA. mRNA, etc ) 
substantially inaciivaied. 

When pholoaciivation compounds arc used to modify 
nucicic acid, the interaction of the pathogen nucleic acid 
(whether DNA, mRNA, etc.) with the pholoaciivation com- 
pound preferably prevents replication of the pathogen, such 
thai, if a human is exposed to the treated pathogen, infection 
will not result. 

''Synthetic media" is herein defined as an aqueous syn- 
thetic blood or blood product storage media. In one embodi- 
ment, the present invention contemplates inactivating blood 
products in synthetic media comprising a buffered saline 
solution, This method reduces harm to blood products and 
permits the use of much lower concentrations of pholoacii- 
vation compounds. 

Ihc psoralen photoinaclivalion method inactivates 
nucleic acid based pathogens present in blood through a 
single procedure. Thus, it has the potential to eliminate 
bacteria, protozoa, and viruses as well. Had an effective 
decontamination method been available prior to the advent 
of the AIDS pandemic, no transfusion associated HIV trans- 
mission would have occurred. Psoralen -based decontamina- 
tion has the potential to eliminate all infectious agents from 
the blood supply, regardless of the pathogen involved. 
Additionally, psoralen-based decontamination has the abil- 
ity to sterilize blood products after collection and process- 
ing, which in the case of platelet concentrates could solve 
the problem of low level bacterial contamination and result 
in extended storage life. Morrow J. F, et al., JAMA 266: 
555-558 (1991); Bertolini R. ct al.. Transfusion 32: 
152-156 (1992). 

TABLE 3 

Viruses PhotochemicaUy Inactivaied by Psoralens 



Family 


Virus 


Adcno 


Adenovirus 2 




Canine hepatitis 


Arena 


Pichinde 




L.asfia 


Burya 


Turlock 




Califorma encephalitis 


Herpes 


Herpes simple)! 1 




herpes simplex 2 




Cyt omeg alovirus 




Pscudorabics 


Orothomyxo 


Influenza 


Papova 


SV40 


Paramyno 


Measles 




Munips 




Parainfluctiu 2 and 3 


Picoma' 


Poliovinis 1 and 2 




Coxsacbc A 9 




Echo n 


PCX 


Vacdiria 




Fowl Pox 


Reo 


ReoviniJ 3 




Blue tongue 




Colorado tick fever 
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JABLE 3-conlinucd 


Viruses Phoiochcinically Inactivated by Psoralen!, 




Virus 


Kclro 


HIV 




Avian sarcoma 




MuritK sarcoma 




Murine leukemia 


Rhabdo 


Vesiicular stomatiiis virus 


Toga 


Wescem equine CTiccphalitis 




Dengue 2 




Dengue 4 




.St [xtuis encephalitis 


1 icpadna 


hepatitis B 


Bacteriophage 


IjuTibda 




T2 


(Rickettsia) 


R. akari (rickettsialpox) 



A list of vimscs which have been photcxhemically inac- 
tivated by one or morc psoralen derivatives appears in Table 
3, (From Table 1 of Hanson, C Blood Cells 18:7(1992)). 
In the article, it was pointed out that Piconaviruses were 
phoioinactivatcd only if psoralens were present during virus 
growth. This list is not exhausu've, and is merely represcn- 
Lativc of the great variety of pathogens psoralens can inac- 
25 tivau;. The present invention contemplaies the inactivation 
of these and other viruses by the compounds described 
herein. The compounds of the present invention are particu- 
larly well suited for inactivating envelope viruses, such as 
the mV vims. 

^ C. Selecting Photoinactivation Compounds for Inactivation 
of Pathogens 

In order to evaluate a compound to decide if it would be 
useful in the photochemical decontamination (PCD) meth- 
ods of the present invention, two important properties 
should be considered: 1) the compound's ability to inacti- 
vate pathogens and 2) its mutagenicity. The ability of a 
compound to inactivate pathogens may be determined by 
several methods One technique is to perform a bacterioph- 
age screen; an assay which determines nucleic acid binding 
of test compounds. A screen of this type, an r-17 screen, is 
40 described in detail in EXAMPLE 12, below. If the r-17 
screen shows inactivation activity, it is useful to directly test 
the compound's ability to inactivate a virus. One method of 
performing a direct viral inactivation screen is described in 
detail in EXAMPLE 13 for cell free HTV. 
45 The R 1 7 bacteriophage screen is believed to be predictive 
of HTV inactivation efficiency, as well as the efficiency of 
compounds against many other viruses. R17 was chosen 
because it was expected to be a very difficult pathogen lo 
inactivate. It is a small, single stranded RNA phage. Without 
^ intending to be limited to any means by which the present 
invention operates, it is expected that shorter pieces of 
nucleic acid arc harder to inactivate because ihey require a 
higher frequency of formation of psoralen adducts than do 
longer pieces of nucleic acid. Further, single stranded RNA 
pathogens are more difficult to inactivate because psoralens 
can neither intercalate between base pairs, as with double- 
stranded nucleic acids, nor form diadducts which function as 
interstrand crosslinks. Thus it is expected that when inacti- 
vation of R 17 is achieved, these same conditions will cause 
the inactivation of many viruses and bacteria. 
60 The cell free HIV screen complements the r- 1 7 screen by 
affirming that a given compound which has tested positive in 
r-17 will actually work effectively to inactivate viruses. 
Thus, if a compound shows activity in the r-17 screen, it is 
next tested in the viral inactivation screen. 
65 The second property thai is important in testing a com- 
pound for use in methods of the present invention is mutage- 
nicity. The most widely used mutag en/carcinogen screening 
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assay is the Ames test This assay is described by D. M 
Maron and B. N. Ames in Mutation Research 113: 173 
(1983) and a specific screen is dcscnbcd in detail in Example 
17, below. The Ames tcsl utilizes several unique strains of 
Salmonella typhimurium thai arc hisiidine-dcpcndcnt for 5 
growth and that lack the usual DNA repair enzymes The 
frequency of normal muiatiuns that render ihc bacteria 
independent of hisiidinc (i.e., the frequency of spontaneous 
rcvcrtanls) is low. The test allows one to evaluate the impact 
of a compound on this reveriani frequency. 

Because some substances are not mutagenic by them- 
selves, but are converted to a mutagen by metabolic action, 
the compound to be tested is mixed with the bacteria on agar 
plates along with the liver extxact. The liver extract serves to 
mimic metabolic action in an animal. Control plates have 
only the bacteria and the extract. 

The mixtures are allowed to incubate. Growth of bacteria 
(if any] is checked by counting colonies. A positive Ames 
test is one where the number of colonies on the plates with 
mixtures containing the compound significantly exceeds the 
number on the corresponding control plates. ^ 

When known carcinogens arc screened in this manner 
with the Ames test, approximately ninety percent arc posi- 
tive. When known noncarcinogcns are similarly tested, 
approximately ninety percent arc negative. 

A new compound (X) can be evaluated as a potential ^ 
blood photodeconlamination compound, as shown in Table 
4. below. X is initially evaluated in Step I. X is screened in 
the r-17 assay at several different concentrations between 4 
and 320 jiM, as explained in EXAMPLE 12. If the com- 
pound shows inactivation activity greater than 1 log inacii- 
vation of r-17 (log kill) in the r-17 screen at any concentra- 
tion, the compound is then screened in the cell free HIV 
assay, as explained in EXAMPLE 13. If the compound 
shows inactivation activity greater than 1 log inactivation of 
HIV (log kill) in the cell free HIV assay, the compound and ^5 
AMT are then screened in the Ames assay. Finally, if the 
compound shows lower mutagenicity in the Ames assay than 
docs AMT, the new compound is identified as a useful agent 
for inactivation of pathogens. 

40 

TABLE 4 



IN- 
STEP SCREEN RESULT TERPRETATION 



1 r-]7 


>l log kill by any 


potential PCD com- 




coQcencrarion 


pound, go to step 2 




<1 log kill 


compound ii ineflFec* 






live as an inacii va- 






tion treatment 


2 Vira] 


>1 log kill by any 


potentia] PCD com- 


Inactivation 


conccQirarion 


pound, go to step 3 




<l log kin 


compound is ineffec- 






tive as an inactiva 






tion treatment 


3 Ames 


Icjs muiagenic 


useful agent for 




than AMT 


PCD 
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By following these instructions, a person can quickly 
determine which compounds would be appropriate for use in 
methods of the present invention. 
D. [>clivcry of Compounds for Photolnacii vation 

The present invention contemplates several diPTerent for- 60 
mulations and routes by which the compounds described 
herein can be delivered in an inactivation method. This 
section is merely illustrative, and not intended to limit the 
invention to any form or method of introducing the com- 
pound. 65 

The compounds of the present invention may be intro- 
duced in an inactivation method in several forms. The 
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compounds may be introduced as an aqueous solution in 
water, saline, a synihciic media such a.s "Sierilytc'^ 3.0" 
(contcnLs set forth at the beginning of the ExpcrimcnlaJ 
section, below) or a variety of other media. The compounds 
can further be provided as dry formulations, with or without 
adjuvants. 

The new compounds may also be provided by many 
difTcrcnt routes. For example, the compound may be intro- 
duced to the reaction vessel, such as a blood bag, at the point 
of manufacture. Alu;matively, the compound may be added 
to the material to be sterilized after the material has been 
placed in the reaction vessel. Further, the compounds may be 
introduced alone, or in a '*cocktail" or mixture of several 
different compounds. 

V. PRESERVATION OF BIOCHEMICAL PROPERTIES 
OF MATERIAL TREATED 

When treating blood products to be used in vivo, two 
factors are of paramount importance in developing methods 
and compounds to be used. First, one must ask whether the 
process or the compounds used alter the in vivo activity of 
the treated material. For example, platelet transfusion is a 
well established efficacious treatment for patients with 
thrombocytopenic bleeding. However, if the decontamina- 
tion treatment used greatly reduces the platelets clotting 
activity, then the treatment has no practical value. Psoralens 
are useful in inactivation procedures, because the reaction 
can be carried out at temperatures compatible with retaining 
biochemical properties of blood and blood products. Han- 
son, C. v., Blood Cells 18:7 (1992). But not all psoralens or 
methods will decontaminate without significantly lowering 
the biological activity of the decontaminated material. Pre- 
vious compounds and protocols have necessitated the 
removal of molecular oxygen from the reaction before and 
during exposure to light, to prevent damage to blood prod- 
ucts from oxygen radicals produced during irradiation. See 
L. Lin et al.. Blood 74:517 (1989); U.S. Pat. No. 4,727.027, 
to Wiesehahn. The present invention may be used to decon- 
taminate blood products, in the presence of oxygen, without 
destroying the activity for which the products are prepared. 
Further, with methods of the present invention, there is no 
need to reduce the concentration of molecular oxygen. The 
present invention contemplates that in vivo activity of a 
blood product is not destroyed or significantly lowered if a 
sample of blood product which is decontaminated by meth 
ods of the present invention tests as would a normally 
functioning sample of blood product in known assays for 
blood product function. For example, where platelets are 
concerned, in vivo activity is not destroyed or significantly 
lowered if pH of the platelets are substantially the same in 
platelets treated by the methods of the present invention and 
stored 5 days as they are in untreated samples stored for 5 
days. "Suhstaniially the same" pH means that the values fall 
within the range of error surrounding that particular dau 
point. 

The present invention contemplates a preferred way of 
protecting blood and blood products during irradiation by 
introducing a synthetic media comprising a buffered saline 
solution for the period of irradiation and any storage there- 
after. In a preferred embodiment of the present invention, 
dibasic phosphate is used as a buffer. Dibasic phosphate 
contains boih singly charged ions and a doubly charged ions. 

The second factor is whether the compounds used are 
toxic or mutagenic to the patient treated. A "compound 
displaying low mutagenicity" is defined as a compound 
which is less mutagenic than AMT when it is tested at 
conccnU"ations below 250 (oM in the Ames assay, described 
in the Experimental section, below. The inactivation com- 
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pounds and methods of the present invcniion arc especially 
usclul because they display the unlinking of pathogen inac 
tivation cfiicicncy from mutagcniciiy. The compounds 
exhibit powerful pathogenic inactivation without a concomi- 
tarn rise in mutagcniciiy. The commonly known compounds 
tested in phoioinactivation protocols, such AMT, appear 
to exhibit a hnk between pathogen inaciivaiiun efficiency 
and muiagcnctic action that until now seemed indivisible. 

While it is not intended that the present invention be 
limited to any theory by which pathogen inaciivation efii- 
ciency is unlinked from mulageniciLy, it is postulated that 
unlinking occurs as a result of the length of the groups 
substituted on the psoralen, and the location of charges on 
the compounds. It is postulated that positive charges on one 
or both ends of mutagenic compounds have non-covalent 
interactions with the phosphate backbone of D\A. These 
interactions are presumed to occur independent of the pres- 
ence of light (called "dark binding"). In theory, the psoralen 
thereby siencally blocks polymerase from opening up the 
DNA, causing mutagenicity. In contrast, compounds of the 20 
present invention carry a positive or neutral charge on a long 
substitute group. These substituted groups form a sieric 
barrier during dark binding that is much easier to free from 
the DXA, permitting polymerase to pass Thus no mutage- 
nicity results. 25 



EXPERIMENTAL 

The following examples serve tn illustrate certain pre- 
ferred embodiments and aspects of the present invention and 
are not to be construed as limiting the scope thereof. 

In the experimental disclosure which follows, the follow- 
ing abbreviations apply: eq (cquivaJcnts); M (Molar); ^iM 
(micromolar); N (Normal); mol (moles); mmol (millimoles); 
fimol (micromoles); nmol (nanomoles); g (grams); mg (mil- 
ligrams); ^g (micrograms); Kg (kilograms); L (liters); mL 
(milliliters); ^iL(microl iters); cm (centimeters); mm (milli- 
meters); ^im (rnicrumeters); nm (nanometers); J (Joules, also 
wan second, note that in RGS, 11, 13-22 Joules or J refers 
to Joules/cm^); °C (degrees Centigrade); TLC (Thin Layer 
Chromatography); EAA (ethyloacetoacetate); EtOH (etha- 
nol); HOAc (acetic acid); W (watts); mW (milliwatts); NMR 
(Nuclear Magnetic Resonance; spectra obtained at room 
temperature on a Varian Gemini 200 MHz Fourier Trans- 
form Spectrometer); m.p, (melting point); UV (ultraviolet 
light); TIIF (tetrahydrofuran); DMEM (Dulbecco's Modi- 
fied Eagles Medium); FBS (fetal bovine scrum); LB (Luria- 
Bertani); EDTA (ethelene diamine telracidic acid); Phorbol 
Myristatc Acetate (PMA), phosphate buffered saline (PBS); 
BSA (bovine serum albumin); PGR (polymerase chain reac- 
lion). Further, in the examples describing synthesis of com- 
pounds of the present invention, yields presented are for the 
prcceeding step only, rather than for the entire synthesis. 

For ease of reference, some compounds of the present 55 
invention have been assigned a number from 1-18, The 
reference numbers are assigned in TABLE 2, Their struc- 
tures appear in HGS. lOA-lOF, The reference numbers are 
used throughout the experimental section. 

When isolating compounds of the present invention in the 60 
form of an acid addition salt, the acid is preferably selected 
so as to contain an anion which is non-toxic and pharma- 
cologically acceptable, at least in usual therapeutic doses. 
Representative salts which are included in this preferred 
group are the hydrochlorides, hydrobromides, sulphates, 65 
acetates, phosphates, nitrates, methancsulphonaies, ethane- 
sulphonaies, lactates, citrates, tartrates or bi tartrates, and 
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malcatcs. Other acids arc likewise suitable and may be 
employed as desired. For example, fumaric, benzoic, ascor- 
bic, succinic, salicylic, bismethylcncsalicylic, propionic, 
gluconic, malic, malonic, mandclic, cinnamic, cilraconic, 
stearic, palmitic, itaconic, glycolic, bcn/cnesulphonic, and 
sulphamic acids may also be employed as acid addition 
salt- forming acids. 

One of the examples below refers to HEPES buffer This 
buffer contains 8.0 g of 1 37 mM NaQ, 0.2 g of 2.7 m.M KCi. 
0,203 g of 1 mM MgC]^{6Hfi], 1.0 g of 5.6 mM glucose! 
1.0 g of 1 mg/ml Bovine Serum Albumin (BSA) (available 
from Sigma. St. Louis, Mo.), and 4.8 g of 20 mM HEPES 
(available from Sigma, St. Louis, Mo.). 

In one of the examples below, phosphate buffered syn- 
thetic media is formulated for platelet treatment. This can be 
formulated in one step, resulting in a pH balanced solution 
(e.g. pH 7.2), by combining the following reagents in 2 liters 
of distilled water: 



Preparation of Slerilyte 3.0 
Formula W. mMolanty 



Grams/2 Utcn 



NaAcetaic*3H70 


136.0S 


20 


5.443 


Glucose 


1»0 16 


2 


0.721 


D-mannitoI 


182.17 


20 


7.287 


KG 


74 56 


4 


0.596 


NaCl 


58 44 


100 


n.m 


Naj Gtrate 


294.10 


10 




Na^HPO/lH^O 


268.07 


14.46 


7.752 


NaHjPO/HjO 


137.99 


5.54 


1.529 




203.3 


2 


0.813 



The solution is then mixed, sterile filtered (0.2 micron filter) 
and refrigerated. 

Another synthetic media contains the following reagents: 

Preparation of aynlhctic media phosphaie 
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J-ormulfl W. 


mMolanty 


Grains/Liters 


NaAceiaie*3H20 


136.0« 


30 


4,08 


NaC] 


58.44 


86 


502 


Citratc*2}l30 


294.10 


10 


2.94 




142,07 


19.8 


2.81 


NaH^PO/IIjO 


137.99 


6.2 


0.858 



The Polymerase Chain Reaction (PGR) is used in one of 
the examples to measure whether viral inactivation by some 
compounds was complete. PCR is a method for increasing 
the concentration of a segment of a target sequence ir a 
mixture of genomic DNA without cloning or purification. 
Sec K. B. Mullis ei aJ., U.S. Pal. Nos. 4,683,195 and 
4,683,202, hereby incorporated by reference. This process 
for amplifying the target sequence consists of introducing a 
large excess of two oligonucleotide pnmcrs to the DNA 
mixture containing the desired target sequence, followed by 
a precise sequence of thermal cycling in the presence of a 
DNA polymerase. The two primers arc complementary to 
their respective strands of the double stranded target 
sequence. To effect amplification, the mixture is denatured 
and the primers then to annealed to their complementary 
sequences within the target molecule. Following annealing, 
the primers are extended with a polymerase so as to form a 
new pair of complementary strands. The steps of dcnalur- 
ation, primer annealing, and polymerase extension can be 
repeated many limes (i.e. denaturation. annealing and exten- 
sion constitute one "cycle;" there can be numerous "cycles") 
to obtain a high concentration of an amplified segment of the 
desired target sequence. The length of the amplified segment 
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or ihc desired target sequence is dcLermincd by ihc relative 
positions of the primers with respect to each other, and 
therefore, :his length is a conLrollabIc parameter. By virtue 
of the repeating aspect of the process, the method is referred 
to by the invcmors as the "Polymerase Chain Reaction". 
Because the desired amplified segments of the target 
sequence become the predominant sequences (in terms of 
concentration) in the mixture, ihey are said to be "PCR 
amplified". 

With PCR, it is possible to amplify a single copy of a 
specific target sequence in genomic DNA lo a level detect- 
able by several diifcrcnt methodologies (e.g. hybridization 
with a labelled probe; incorporation of biotinylalcd primers 
followed by avidin-enzymc conjugate detection; incorpora^ 
tion of ^^p labelled deoxynuclcoiidc triphosphates, e.g. 
dCTP or dATP, into the amplified segment). In addition to 
genomic DNA, any oligonucleotide sequence can be ampli- 
fied with the appropriate set of primer molecules. 

The PCR amplification process is known to reach a 
plateau concentration of specific target sequences of 20 
approximately 10"*M. A typical reaction volume is 100 (il, 
which corresponds to a yield of 6x10^^ double stranded 
product molecules. 

PCR is a polynucleotide amplification protocol. The 
amplification factor that is observed is related to the number 25 
(n) of cycles of PCR that have occurred and the efficiency of 
replication at each cycle (E), which in turn is a function of 
the priming and extension efficiencies during each cycle. 
Amplification has been observed to follow the form E", until 
high concentrations of PCR product are made. At these high 30 
concentrations (approximately lO"* MA) the efficiency of 
replication falls off drastically. This is probably due to the 
displacement of the short oligonucleotide primers by the 
longer complementary strands of PCR product. At concen- 
trations in excess of lO'^M, the rate of the two complemen- 35 
tary PCR amplified product strands finding each other 
during the priming reactions become sufficiently fast that 
this occurs before or concomitant with the extension step of 
the PCR procedure. This ultimately leads to a reduced 
priming efficiency, and therefore, a reduced cycle efficiency. 40 
Continued cycles of PCR lead to declining increases of PCR 
product molecules. PCR product eventually reaches a pla- 
teau concentration. 

The sequences of the polynucleotide primers used in this 
experimental section are as follows: 

DCD03: 5' ACT AGA AAA CCT CGT GGA CT 3' 
DCD05: 5' GGG AGA GGG GAG CCC GCA CC 3' 
DCD06: 5' CAA TTT CGG GAA GGG CAC TC 3' 
DCD07: 5' GCT AGT ATT CCC CCG AAG GT 3' 
With DCD03 as a common forward primer, the pairs gen- 
erate amplicons of length 127, 327, and 1072 bp. These 
oligos were selected from regions that are absolutely con- 
served between 5 different dHBV isolates (DHBVl 
DHBV3, DHBV16, DHBV22, and DilBV26) as well as 
from heron HBV CHHBV4). 

The following examples serve to illustrate certain pre- 
ferred embodiments and a.spccts of the present invention and 
are not to be consu-ued as limiting the scope thereof. 

EXAMPLE 1 

As noted above, the present invention contemplates 
devices and methods for the pholoactivation of photoreac- 
tivc nucleic acid binding compounds. In this example, a 
pholoactivation device is described for decontaminating 
blood products according to the method of the present 
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invention. This device comprises: a) means for providing 
appropriate wavelengths of electromagnetic radiaiion to 
cause photoactivalion of al least one photoreaciivc com- 
pound; h) means for supporting a plurality of blood products 
5 in a fixed relationship with the radiation providing means 
during photoactivalion; and c) means for maintaining the 
temperature of the blood products within a desired tempera- 
ture range during photoactivation. 
FIG. 6 is a perspective view of one cmbodimcni of the 
10 device integrating the above-named features. The figure 
shows an opaque housing (100) with a portion of it removed, 
containing an array of bulbs (101) above and below a 
plurality of representative blood product coniaining means 
1102) placed between plate assemblies (103, IM V which 
: fi|tcr certain wavelengths of light. The plate assemblies ' 
{IvX l04) are described more fully, subscquendy. 

The bulbs (101), which are connectable to a power source 
(not shown), serve as a source of electromagnetic radiation. 
While not limited to the particular bulb type, the embodi- 
ment is configured to accept an industry standard, dual bipin 
lamp. 

The housing (100) can be opened via a latch (105) so that 
the blood product can be placed appropriately. As shown in 
FIG. 6, the housing (100), when closed, completely contains 
the irradiation from the bulbs (101). During irradiation, the 
user can confirm that the device is operating by looking 
through a safety viewport (106) which does not allow 
transmission of ultraviolet light to the user. 

The housing (100) also serves as a mount for several 
electronic components on a control board (107), including, 
by way of example, a main power switch, a count down 
timer, and an hour meter. For convenience, the power switch 
can be wired to the count down timer which in turn is wired 
in parallel to an hour meter and to the source of the 
electromagnetic radiation. The count down timer permits a 
user to preset the irradiation time lo a desired level of 
exposure. The hour meter maintains a record of the total 
number of radiation hours that are provided by the source of 
electromagnetic radiation. This feature permits the bulbs 
(101) to be monitored and changed before their output 
diminishes below a minimum level necessary for rapid 
photoactivalion. 

FIG. 7 is a cross-sectional view of the device shown in 
FIG. 6 along the lines of 2—2. FIG. 7 shows the arrange- 
ment of the bulbs (101) with the housing (100) opened. A 
reflector (108A, 108B) completely surrounds each array of 
bulbs (101). Blood product containing means (102) are 
placed between upper (103) and lower (104) plate assem- 
blies (e.g. BK-7 glass. Sholt Glass Technologies, Inc., Dur- 
yea. Pa.). Each plate assembly is comprised of an upper 
(103A, 104A) and lower (103B, 104B) plates. The ^late 
assemblies (103, 104) are connected via a hinge (Ilj9)"which" 
IS 3cslgne31b accommodate the space created by the blood 
product containing means (102). The upper plate assembly 
(103) is brought to nest just above the top of the blood 
product containing means (102) supported by the lower plate 
(104B) of the lower plate assembly (104). 

Detectors (llOA, HOB, HOC, HOD) may be conve- 
niently placed between the plates (103A, 103B, 104A, 
104B) of the plate assemblies (103, 104). They can be wired 
to a printed circuit board (111) which in turn is wired to the 
control board (107). 

FIG. 8 is a CTOS3-scaional view of the device shown in 
FIG. 6 along the lines of 3- 3. Six blood product containing 
means (102) (e.g. Teflon™ platelet unit bags) arc placed in 
a fixed relationship above an array of bulbs (101). The 
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LJlii; aionc or, more nrrfpr-shii. k i • 
u»c ucvicc. upper plate assembly plates fl03A lom) 

EXAMPLE 2 

Synthesis of 
4'-BromomctJ,yU,5'8.,rimelhylpsoralen 

Step I; 

D n 1Q1 i\ ■ ^' " -^^^ powdered K.CO (^Sd 

g> 0.391 mo]} m acetone (500 ml rC.i ^z'^^z 04 

4,8-dimethyl-7-(] Chvl 2 ?*" 
Step 2: 

p RQ . V- * ' 'S-tetramethy psoralen ^56 'J 

7.40 (s, IH). (^'^H}. 2.56 (S.3H), 6.23 (s, IH), 

Step 3. 

Dfy *.'t'.5',8-teiraniethylpsoralen (1000 p 4i i „ u 
was dissolved in methylene chloride (LSO^n ,, '""'^ 
tempcraiure. N-BrDinosuccinimideTs 09 1 S-;^^ .r"" 
added and ihe reaction 'T ,'^^ '■f '^ «■ 45.3 mmol) was 

vacuum dessicator with P n rwl^ !, ^" ^ 

m^m amount oT to l?„„^oi '^^^^^ 
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40 



Sa fTo?i ^"'"k" ^"'^ ' -'^ond crop of 

proaucl (1,08 g, combmcd v eld=g5 1% >Qg« ' . 

NMR), mp 206"-207= C \TVIR- ri Vsn , . ^^"'^ 

J=1.2 rix. 3H), 2.58 (s, 3H) T 63 ( 2^ 

J=l.3 Ha Id), 7,59 (s. IH) ^' ^ ''PP'^'^"' 

BXAMPLE 3 

Synthesis of 
5-bromomeihyl-4,4;8-inmeihy)psoralcn 

described in Examnic 7 thu ^ synthesis 

prcvio.,y Jr^^^iif eh'^rhJ^^^^^^^^ 
require bromomeihylation ^ 

solution was washed with water (4x1 50 mn !htn k ^'^ ""^ 
dried with anhydrous Na,SO tC. i ^" ^'^ 

(apparent d, J=i 7 Uy im ' tTrT ' ^' ^"^^ 

7-67 Cs. IH)! ^' ^ ^'PP^"^ ^' ' Hz. IH), 

EXAMPLE 4 

Synthesis of 

4-(4-aTnino-2-o„)butyl-4,5'.8-trimclhyIpsofa)en 
Hydn>chJonde (Compound 2) and Relal^ 
Compounds (Compound 4) 



so 



Step I ' P«rf°™ed as follows: 

mmol), (synthesis described in ExamnI,. 
hydroxyethyl)phtha)imide(4 05£ 2lTmLi ' 
in dry dimeihylformamide 65mLi Drv N ' I"™' 
gently into the reaction r^xmre Tt^? 9'^ 
heated to 100° C fnr J^T^ u ^ 

Act, vated carton and sihca gel wen: added tSS^ 

4-[4-(N.phthaJimido)-2-oxa?buivl-4 5'fi i 
alen (1 56 ? 1 fii „„„J^ '""'''^•^ •"-^methylpsor- 

(75 mL) at ,r ^ '"'P"«'^ tctrahydrofuran 
U3 mL) at room temperature. Methylamine (40% aqueous 
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solution, 25 mL, 290 mmo]) was added lo ihc suspension 
and stirred overnight. The soivcni and mcthylaminc were 
completely removed. The resulting solid was taken up in 
0,3N HO aqueous solution (25 mL), The acid suspension 
was nnsed three limes with 40 mL CHC13 then taken to pH 3 
1 1 with 20% aqueous NaOH. CHCI3 (3x60 mL) was used to 
extract the product (i.e. 4'-(4-amino-2-Qxa)buiyI-4,5\8-in- 
methylpsoraJcn) from the basificd layer. The combined 
CHCI3 layers were washed with } 1,0 (100 mL) followed by 
bnne (100 mL) then dried over anhydrous Kd^SO^ and 10 
concentrated lo give 4'-(4-amino-2-oxa)buiyI-4,5\8.trimcih- 
ylpsoralen, mp 139°-141° C. Purity was greater than 99% 
by \MR. .VMR CCDCI3) S2.50 (s, 6H); 2.58 (s,3H); 2 90 (t 
J-5.27 Hz, 2H); 3.53 (l, J=5.17 Hz, 2H); 4.66 (s, 2H); 6.25 
(s, IH); 7.61 (s, IH). The 4'-(4-amino-2-oxa)butyU4,5',8- 15 
tnmethylpsoralen was dissolved in absolute ethanol (150 
mL), a 1 .OM solution of HQ in ether (10 mL) was added and 
the suspension was cooled in the freezer overnight. After 
filtration and washing with eOier, the solid was vacuum dried 
to give pale yellow crystals (0.76 g, yield 62%), mp 20 
235^-236^0. F 
Alternatively, Step 2 may be performed using either 
hydrazine or butylamine rather than methylamine. The 
method which uses butylamine is preferred for larger scale 
syntheses because, while an excess of methylamine is 25 
needed due to volaiization, the same is not true for buty- 
lamine. The method using butylamine was carried out as 
follows: 28.3 g phlhalimide has been deprotected with 
n-butylamine in propanol. The crude reaction solution is 
then treated with HCl to precipitate out the product. Thus the 30 
reaction mixture in 285 mL of I -propanol was treated with 
HCl gas to pH 2. The mixture was stirred at 5" C. for 0.5 
hours, then filtered and washed with cold solvent (3x15 mL) 
to afford 20.5 g of cmde 4'-(4-amino-2-oxa)butyl-4 5' 8- 
trimethylpsoralen (92% yield). ' ' 35 

The method using hydrazine was carried out as follows 
The phthalimide precursor (6 mol) was deprotected with 
hydrazine and after concentration and acid-base cxiracLions 
the crude amine was obtained in 30 L of ethylene dichloridc 
To this was added HCl gas (0.14 Kg) via dispersion tuve 4C 
over 40 minutes maintaining the temperature at 15=^-25° C 
The resultant slurry was stirred an additional 1 hour The 
solids were collected on a Buchner funnel. Upon drying in 
an air dryer at 80"^ C. for 2 hours. 0.945 kg of cmde 
4 -(4-ammo-2-oxa)butyl-4,5',84rimcthy Ipsoralen was 45 

obtained, 0.94 kg of product in a mixture of 7.5 kg of 
tsopropanol and L88 kg of water was refluxed for 30 
minutes then hot filtered. The solution was cooled to room 
temperature over ] hour, then chilled to 15^-20° C. for 0 5 
hours. The solids were collected on a Buchner fiinncl, then 50 
washed with cold isopropanol (0.3 L). The wet solids were 
transferred to glass trays and dried under vacuum (>28 
minutes) at approximately 75^ C. for 11.5 hours. Moisture 
contem was 0.5%. Yield was 0.758 kg (81% yield). The 
4'-(4-ammo-2-oxa)butyI-4,5',8-trimethylp&oralen was ana- 55 
lyitolly pure. Residual isopropanol about 1700 ppm by 

The first method is a prcfcnred embodiment of the present 
mvention because of its high yield and purity. 

The second method starts with the preparation of 4'-chlo- 60 
romethy].4,5',8-trimethylpsoralcn from commercially avail- 
able 4,5\8-trimcthylpsoralcn, as described above The syn- 
thesis of 4-(4.am^no.2-oxa)butylA5\8-trimethy]psoralen 
hydrochlondc is achieved in four (4) stcos' 
STEPl: 

4'-Chloromethyl-4,5',8-trimelhylpsoraJcn (550 mg 1 99 
mmol) and ethylene glycol (6.8 ml. 121.9 mmol)' were 
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heated in acetone (6 mL) to 50^-60= C. for 3.5 hrs, After 2 
hrs heating, ihe while suspension had turned to a clear light 
yellow solution The acetone and ethylene glycol were 
removed on the rotocvaporator and water (50 mL) was 
added to the residue. The resiilLani suspension was filtered, 
washed with cold water then dried in the vacuum oven to 
give 574 mg (96%) of 4'-(4-hydroxy-2-oxa)butyl-4 5' 8- 
inmcthylpsoraien; NMR (CDO,) 52.51 (s, 6H); 2 58 (s 
310; 3.62 (t, ]==4.5 H/, 2H); 3.78 (1, J-i.9 Hz, 2H); 4 70 (s' 
2H); 6.26 (d. J-l.I Hz, IH); 7.61 (s, IH) 
STEP 2: 

4'-(4-Hydroxy-2-oxa)butyl-4.5\8-irimcthylpsora]en (574 
mg, J .9 mmol) was dissolved in CH2CI2 (6 mL) under at 
<10° C. Triethylaminc (359 mg, 3.55 mmol) was added 
Methanesulfonyl chloride (305 mg, 266 mmol) was dropped 
m slowly keeping the temperature below 10° C After 
addition was completed the mixture was stirred for 15 more 
minutes and then it was stirred at room temperature for 10 
hours. To the reacted suspension CH2CI2 (45 mL) was added 
and the mixture was washed with water (3x20 mL), then 
dried over anhydrous Na^SO^. Concentration at <30° C. 
followed by vacuum drying gave 4'-[(4-methanesulfony- 
loxy-2-oxa)butyK4,5',8-irimethylpsoralen as a yellow solid 
(706 mg, 98%). mp 138^-140^ C NMR 52.51 (s, 3H)- 2 52 
(d 3H); 2.58 (s, 3H); 2.99 (s. 3H); 3.77 (m,2H); 4.39 (m, 
2H); 4.71 (s. 2H); 6.26(s, IH); 7.62 (s, IH). 
STEP 3: 

4'-f(4-Mcthanesulfonyloxy-2-oxa)butyl-4,5",8-trimeth- 
ylpsoralen (706 mg, 1.86 mmol) and sodium azide (241 mg, 
3.71 mmol) were refluxed in 95% ethyl alcohol (5 mL) for 
8 hours. The reaction solution was cooled and cold waler (55 
mL) was added. The off-white solid was filtered and washed 
with cold water Upon vacuum drying, the azide (i.e. 4'-(4- 
Azido-2-oxa)butyl-4,5'.8-trimcthylpsoralen) was obtained 
as a light yellowish solid (575 mg, 95%), mp ]05°-106° C 
NMR; 62.51 (s, 6H); 2.58 (s, 3H); 3.41 (i. J=4.9 Hz, 2H) 
3.67 (apparent t, J-4.9 Hz, 2H); 4,70 (s, 2H); 6.26 (s IH)' 
7.66 (sJH). 
STEP 4: 

The 4'.(4-Azido-2-oxa)buty]-4,5',8-trimethylpsoralen 
(1.65 g, 5.03 mmol) was dissolved in tetrahydrofuran (10 
mL), Triphenylphosphinc (1 .59 g, 6.08 mmol) and six drops 
of water were added to the foregoing solution. After surring 
at room temperature overnight, the light yellow solution was 
concentrated. The residue was dissolved in CHCI3 (90 mL) 
and extracted with 0.3N aqueous HCl (30 mL, then 2x5 
mL). Combined HCl layers was carefully treated with 
K2CO3 until saturated. The base solution was extracted with 
CHCI3 (3x60 mL). Combined CHC13 layers were washed 
with 60 mL of water, 60 mL of brine and dried over 
anhydrous Na^SO^. Upon concentration and vacuum drying 
the amine (i.e. was obtained as a yellow solid (1 25 g 82%) 
mp 139^-141° C; NMR 52.48 (s, 6H); 2.55 (s, 3H); 2 89 (t' 
J-6 Hz, 2H); 3.52 (t, J=6 Hz. 2H); 4.64 (s, 2H); 6.22 (s ] H)- 
7.59 (s, Ul), ^' 
The amine was dissolved in absolute ethanol (40 mL) and 
20 mL of IN HCl in ethyl ether was added. After sitUng at 
5° C. overnight, the precipitate was filtered and rinsed with 
ether to give 1.25 g of Compound 2, mp 236'' C. (decomp) 
''CNMR: 8.54. 12.39, 19.18,38.75, 62,26, 65.80, 108 01 
112.04, 112.42, 112.97, 116,12. 125.01, 148.76, 153 97* 
154.37, 155.76, 160.34. * ' 

Anal. Calculated for Ci^HjoONO,; C, 60.45: H,5.97- \ 
4.15. Found: C, 60.27; H, 5.88; N, 4.10. 

Similarly prepared, by reacUng 4'-CMT with 1,3-prD- 
panediol comparably to Step 1 and proceeding analagously 
through Step 4, was 4'-(5- amino- 2-oxa)pcnty 1-4,5 ',8-trim- 
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cthylpsoraJcn. (Compound 4), m.p. 212^-214^ C. (dccom 
posed) NMR of the free base: 51,73 (pent, J=6,4 H/, 2Hj, 
2.45(s, 6HX 2.51 (s, 3H). 2.78 (i,J=6 8 H/, 2H), 3.54 (i, 
J=6.2 Hz. 210. 4.59 (s,2n), 6.18 (s, IH), 7,54 (s, IH). 

EXAMPLE 5 

Synthesis of 
5'-(4-Amino-2 oxa)butyI-4,4',8-trimcthylpsoralcn 
(Compound 18) 

This example describes the synthesis of Compound 18, To 
a stirred solution of N-mcihylformanilidc (16.0 mL. 0.134 
mol) in acetonitrilc (130 mL) was added phosphorus oxy- 
chloride (12.5 mL, 0.134 mol), ihen4,4',8-trimethylpsoralcn 
(5.0 g, 2 1.9 mmol) (described in McLeod, ct al,, Tetrahedron 
Letters No. 3:237 (1972)). The temperature was kepi 
between 0°~W C. during addition of the psoralen by use of 
an ice/water bath. The slurry was stirred at 50° C. for 2 days 
protected from moisture with a dricrite drying lube. The 
reaction mix was allowed to cool to room temperature, then 
chilled in an ice/watcr bath. The acetonitrilc was decanted 
off, then ice/watcr (150 mL) was added to the orange slurry 
and stirred for 1 h. The orange solid was filtered off and 
rinsed with chilled water, then chilled acctoniirile. The crude 
product was rccrystallized diid charcoal decolorized in 
dichlorocthane (600 ml.) tu give 4,4',8-irimeihyl-5 -psora- 
Icncarboxaldchydc (3.59 g, 64.0%) as a pale yellow-orange 
solid, sublimes ^250° C, decomp. >300° C. NMR 
(CDa3): 2.54 (d. J= I Hz, 3H), 2.64 (s, 3H), 2.68 (s, 3H), 
6.32 (apparent d, J=l Hz, IH.). 7.75 (s, IH), 0.07 (s, IH). 

4,4',8-trimethyl-5-psoralencarboxaldehyde (7.50 g, 29.3 
mmol) was stirred in 200 proof ElOH (250 mL). Sodium 
borohydride was added and the slurry was stirred overnight 
Ice water (150 mL) and 10% aq NaCOj (50 mL) were added 
to quench the reaction. After stirring for 45 min, the pre- 
cipitate was filtered off and rinsed with water until the filtrate 
was neutral (pH 5-7). The product was dried in a vacuum 
dcssicator with PjO^ to give 5'-hydroxymethyl-4,4'.8-trim- 
cihylpsoralen (7.46 g, 98.5%) as a pale yellow solid, mp 
244^-245° C 'H NMR (CVa,). L97 (l, Hz, IH), 2,31 
(s. 3H), 2.51 (d, J=l Hz, 3H), 2.58 (s, 3H), 4.79 (d, J=6 Hz, 
2H), 6.25 (apparent d, J=l Hz, IH), 7.49 (s, IH). 

To a stirred, ice/watcr chilled slurry of 5'-hydroxy methyl - 
4,4\8-lrimeihylpsoralen (15.42 g, 59.7 mmol) in dichloro- 
cthane (500 mL) was added phosphorus uibromide (6.17 
mL, 65.7 mmol) dropwise. The reaction was protected from 
moisture and allowed to stir ovcmighi at room temperature. 
The mixture was then stirred with 300 mL ice/water for I h. 
The solid was filtered off, dried, dissolved in hot toluene, 
filtered through fluted filter paper and stripped tu give 
5'-bromomethyl-4,4\8-trimethyIpsoralen (3 43 g). The reac- 
tion solvents (dichlorocthane and water) were separated and 
the aqueous layer was extracted three times with dichloro- 
eihane. The organic layers were combined, rinsed with brine 
then dried (anhyd NajSO^) and stripped under vacuum to 
give the bulk of the product, 5'-bromomcthyl-4,4',8-trimeth- 
ylpsoralen, (13,13 g, combined yield of 86.4%), as a pale 
yellow solid, mp 201 ^^-202° C. 'H NMR (CDCI3): 2.29 (s, 
3H), 2.52 (d, J=l Hz, 3H), 2.60 (s. 2H), 4.64 (s, 2H), 
6.27(apparent d, J=l Hz, IH), 7,51 (s, IH), 

\-HydroxyethyIphthaIimide (3.00 g, 15.5 mmol) was 
dissolved in DMF (5 mL) at 60°-64° C. while N2 was 
bubbled into the solution. Sodium iodide (0.01 g, 0.067 
mmol) and 5'-bromomethyl-4,4',8-trimethylpsoralcn (1,00 
g. 3. 1 1 nomol) were added and the slurry was stirred under 
these conditions ovemighL The thick yellow reaction mix- 
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lure was allowed to cool to room temperature, chilled in an 
icc/watcr bath, filtered and rinsed with ice cold McOH to 
give crude product (I g). The solid was recrystallizcd in 
dichlorocthane (100 mL) to give 4,4',8-trimclhyi-5'-f2-(N- 
phthalimido)-2-oxa]butylpsoralcn (0.68 g, 50.8%), as an 
off white solid, mp 225^-228° C. ' H NMR (CDCl,): 2.26 (s 
3H), 2.46 (s. 3H), 2,51 (d, J-l H/, 3H), 3.87 (m, 4H). 4.64 
(s, 2H), 6.26 (apparent d, J=l Hz, HI), 7.42 (s, IH), 7.64 
(mukiplet. 4H). 

4,4,8-Trimeihyl-5'-f4'-(N phthahmido)-2-oxa]butylpsor- 
alen (1.61 g, 3.73 mmol) was stirred with THE (40 mL) and 
40 wt % aq methylamine (20 mL, 257 mmol) overnight. The 
solvent was stripped and the residue was partitioned 
between dilute aq HCl and dichloromethane. The aqueous 
layer was rinsed several more times with dichloromethane 
then made basic with K2CO3. The base layer was extracted 
three times with dichloromethane. The combined organic 
extracts from the base shaken with brine then dried (anhy- 
drous NajSO^) and stripped to give 5'-(4-amino-2-oxa)bu- 
tyl-4,4',8-Lrimethylpsoralcn (0.71 g, 63.4%). mp 126°-129^ 
C 'HN^R(CDCl3); Z30(s,3H), 2.51 (s.3H),2.58 (s,3H), 
2.91 (t, J-5 Hz, 2H), 3.59 (t, J=5 Hz. 2H). 4.64 (s, 2H), 6.25 
(s. IH), 7.50 (s, IH). 

The above amme (0.71 g, 2.36 mmol) was dissolved in 
hot cthanol, converted to the acid with IM HCl in diethyl- 
ether (3 mL, 3 mmol), decolorized with charcoal, cooled and 
collected. The solid was decolorized again with charroal and 
stripped to give 5'-(4-aminn-2 oxa)butyl-4,4',8-trimcthylp- 
soralen hydrochloride (0.39 g. 49.3% yield) as a white solid, 
mp 235°-236° C. (Note; Other preparations of this material 
have given a product with a significantly lower melting 
point, but identical NMR spectra ). ^H NMR (d6-DMS0)- 
2.32 (s, 3H), 2,45 (s, 3H), 2.50 (s, 3H), 3.00 (m, 2H), 3.71 
(t, J=5 Hi, 2H), 4.71 (s, 2H), 6.33 (s, IH). 7.79 (s, IH), 8 15 
(br). '^C NMR Cd6-DMSO): 7.93, 8,57, 19.01,38 74 62 66 
66.28, 108.22, 112.42, 113.69, 115.34, 116.06, 125.60^ 
149.38. 150.95, 154.26 (tentatively 2 carbons), 160.26. 

EXAMPLE 6 

Synthesis of 

4'-(7-amino-2,5-oxa)hcptyI-4,5',8-trimethylpsoraJen 
Hydrochloride (Compound 7) 

In this example, the synthesis of Compound 7 is 
described. The synthesis of 4'-(7-amino-2,5-oxa)heply]-4,5', 
8-trimcthylpsoraIen hydrochloride proceeds in four (4) 
steps: 
STEP 1 : 

4'-Chloromethyl-4,5',8-trimcthylpsora]en (589 mg. 2.13 
mmol), diethylene glycol (15.4 g, 145 mmol) and acetone 
(13 mL) were refiuxcd for 1 1 .5 hours. The reaction solution 
was concentrated to remove acetone and part of the dieth- 
ylene glycol. To the resulting light brown solution was 
added CHCI3 (40 mL), then washed with water several 
times. The CHCI3 layer was dried over anhydrous NajSO^ 
and concentrated to give 781 mg of product, 4'- (7- Hydroxy - 
2,5-oxa)heptyl-4,5'.8-trimethylpsoraIcn, (-100%). NMR 
S2.46 (d, 3H), 2,47 (s, 3H ), 2.51 (s, 3H). 3.58-3.67 (m. 8H), 
4.67 (s, 2H}. 6.18 (s, IH), 7.57 (s, IH). 
STEP 2: 

4'-(7-Hydroxy-2,5-oxa)hcptyl-4,5',8-trimcthylpsoralen 
(781 mg, 2.25 mmol) was dissolved in CHjClj (2.5 mL) 
under a stream at <\0° C Triethylamine (363 mg, 3.59 
mmol) was added. Methanesulfonyl chloride (362 mg, 3.16 
mmol) was slowly dropped in to keep the temperature below 
10° C. After addiuon was completed, the mixture was kept 
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below 10^ C. for 15 more minuics. The mixture was stirred 
ai room icmpcraiurc ovcniighi then CH^O^ (50 mLj was 
added. The solution was washed with water (3x60 mL), 
dried over anhydrous Na2S04 and concentrated ai 530° C.' 
Upon vacuum drying, a light hrown syrup was obtained 
[4'-(7-Mcihancsuirony)oxy-2,.Vojta)hcplyI-4,5',8-trimcih- 
ylpsoralen]; 437 mg (76%). NMR fi2.50 (s. 3H}. 2.51 (s 
3H), 2.58 (s, 3H), 3.01 (s, 3H). 3.66 (m. 411), 3.77 (t J=4 6 
Hz, 2H), 4.37 (I, }=6 Hz, 2H). 4.69 (s, 2H), 6.25 (s, 1 11). 7.6 1 
(s, IH). 
STEP 3: 

4'-(7-MeihanesuIfonyIoxy-2,5-oxa)heptyl-4.5',8-trimeth- 
ylpsoralen (288 mg, 0.678 mmol) and sodium azidc (88,2 
mg, 1.36 mmol) were rcnuxcd in 3 mLof 95% ethyl alcohol 
for 8 hours. The reaction solution was let cool and cold water 
(50 mL) was added. The water layer was poured away. The 
crude material was purified by chromatography on (Silica 
gel with chloroform eluent) a Chromalolron (Harrison 
Research, Inc., Palo Alto, Calif.) and vacuum dried to give 
a light yellow syrup, 4'-(7-A/jdo-2,5-oxa)hepiyl-4,5',8-Ln- 
mcthylpsoralen, (123 mg. 49%). NMR 52,50 (s, 611), 2 51 
(s, 3H), 3.39 (t, J=5.2 H/, 2H), 3.68 (m, 6H), 4.70 (s, 2H), 
6.24 (s, IH). 7.62 (s, IH). 
STEP 4: 

4'-(7-Azido-2,5-oxa)heptyl-4,5',8-trimethylpsoralen (122 25 
mg, 0.33 mmol), iriphenylphosphine (129 mg, 0.49 mmol) 
and several drops of water were dissolved in ictrahydrofuran 
(2 mL). The light yellow clear solution was stirred at room 
temperature over a weekend; no starting material was 
delected by TLC. The reaction solution was concentrated 30 
and the residue was dissolved in CHCI3 (20 mL). The 
soluUon was extracted with 0.1 5N aqueous HQ solution (10 
mL then 2x5 mL) and the HO layers was taken to pH 1 3 by 
addition of 20% aqueous NaOH solution. The basic solution 
was extracted with CUO^ (3x1 5 mL). The combined CHCI3 35 
layers were washed with water, dried over anhydrous 
Na2S04, oonceniratcd, and vacuum dried to give 63.9 mg of 
product, 4'-(7-amino-2,5-oxa)hcplyl-4,5',8-irimethylpsor^ 
alen, (56%). TLC showed only one spot. NMR 62.50 (s 
3H); 2.50 (s, 3H); 2.57 (s, 3H); 2.86 (t. J-5.3 Hz, 2H); 3.50 40 
Ci. J=5.3 Hz, 2H); 3.63 (s, 4H); 4.70 (s, 2H); 6.24 (s, IH); 
7.62 (s, IH). m.p. 170°-]73°C 

The solid was dissolved in absolute elhanol, then IM HCl 
in ethyl ether was added, the suspension was filtered and the 
product rinsed with ether and dried. 45 

EXAMPLE 7 

Synthesis of 

4*-(l 2-amino-8-aza-2,5-dioxa)dodecyN4,5',8- ^ 
trimelhyipsoraler Dihydrochloride (Compound 8) 
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The synthesis of 4'-(I2-amino-8-aza-2,5-dioxa)dodecyl- 
4.5',8-irimethylpsoraJcn dihydrochloride proceeds in one (1) 
step from the product of Example 5, method 2, step 2; A 35 
solution of 4'-(7-methanesu]fonyloxy-2,5-oxa)heptyl-4,5',8- 
trimcthylpsoralen (108 mg, 0.253 mmol) in 8 mL of aceto- 
nitrilc was slowly added to a solution of 1,4-diaminobuiane 
(132 mg, L49 mmol) in 2.8 mL of acetoniirilc. After 
refluxing for 8 hours, no starting material remained by TLC. 60 
The reaction mixture was cooled to room temperature and 
CHQj (25 mL) and IN aqueous NaOH (25 mL) solution 
were added. The layers were separated and CHCI3 (2x10 
mL) was used to wash the aqueous layer. Aqueous HCl 
(0.3N. 3x10 mL) was used to extract the product from the 65 
combined organics layers. The HCl layers was treated with 
20% aqueous NaOH solution until pH 13. The combined 



basic layers were then extracted with CHCI3 (3x20 mLJ. The 
CHCI3 layer was washed with saturated NaC] aqueous 
solution (10 mL) then dried over anhydrous NajSO^. After 
concentration and vacuum drying, 63 mg of product, 4'-(I2- 
amino-8-aza-2,5-dioxa}dodccyl-4,5\8-trimcthylpsora]cn 
dihydrochloride, was obtained (60%), \MR 51.45 (m 2H) 
2.49 (s, 6H), 2.55 (s, 3H), 2.58 (l, 2H), 2.66 (i, J-S.is Hz,' 
2H). 2.76 (m, 4H), 3.55-3.61 (m, 6H), 4.68 (s, 2H). 6.22 (s, 
IH), 7.61 (s. IH). 

EXAMPLE 8 

Synthesis of 
4'-(2-aminoethy])-4,5',8-lrimethylpsora]cn 
Fiydrochloride (Compound 3) 

The synthesis of 4'-(2-aminocthyl)-4,5',8-trimcthylpsor- 
alcn proceeds in one (I) step: sodium Lrifiuoroacctoxyboro- 
hydride was made by adding trifluoroacetic acid (296 mg, 
2.60 mmol) in 2 mL of THF to a stirred suspension of 
sodium borohydride (175 mg, 4.63 mmol) in 2 mL of THF 
over a period of 10 minutes at room temperature. The 
resultant suspension was added to a suspension of 4'-cya- 
nomethyl-4,5',8-trimethylpsoralcn (Kaufman el al., J. Het- 
erocyclic Chem. 19:1051 (1982)) (188 mg, 0.703 mmol) in 
2 mL of THF. The mixture was stirred overnight at room 
temperature. Several drops of water were added to the 
reacted light yellow clear solution to decompose the excess 
reagent under lO"" C The resulting mixture was concentrated 
and IN aqueous NaOH solution (30 mL) was added. Chlo- 
roform (30 mL then 10 mL, 5 mL)) was used to extract the 
resultant amine. Combined CHCI3 layers were washed with 
saturated NaCl solution. The amine was then extracted into 
aqueous 0.3N HCl (10, 5, 5 mL) and the acid layers were 
taken to pH 13 with 20% aqueous NaOH. CHCI3 (3x10 mL) 
was used to extract the amine from the combined base layers 
then washed with water (2 mL) and dried over anhydrous 
Na2S04. Upon concentration and vacuum drying the amine 
was obtained as b solid, >95% pure by NMR, KMR 62 45 
(s, 3H); 2.47 (s, 3H); 2.53 (s, 3H); 2.78 (t, J=6-6 Hz, 2H) 
3.00 (t, J=6.5 Hz, 2H}; 6.20 (s, IH); 7.44 (s, IH). The solid 
was dissolved in absolute ethanol. A solution of hydrogen 
chloride in diethyl ether (IN, 1 mL) was added. The sus- 
pension was filtered to obtain compound 3, a light purple 
solid (32.7 mg. yield 15%), m.p. >237'* C. (decomp.) 

EXAMPLE 9 

4'-(6-Amino-2-aza)hcxyl-4,5',8-trimethy]psoralen 
Dihydrochloride (Compound 6) 

The synthesis of 4'-(6-amino-2-aza)hexyl-4,5',8-trimcLh- 
ylpsoralen dihydrochloride proceeds in one (1) step, as 
follows: a solution of 4'-chloromethyI-4,5',8-trimethy]psor- 
alen (188 mg, 0.68 mmol) in 30 mL of aceloniirile was 
added to a solution of 1,4-diaminobutane (120 mg, 1.4 
mmol) in 7 mL of acetonitriie. After stirring overnight the 
solvent was removed under reduced pressure. Chloroform 
(10 mL) and IN NaOH [10 mL) were added to the residue 
and the mixture was shaken and separated. The aqueous 
solution was extracted with a further 2x10 mL of CHCl^ and 
the combined extracts were rinsed with water. The product 
was then extracted from the CHa, solution with 0.3N 
aqueous UCi and the acidic layer was then taken to pH 12 
with concentrated NaOH solution. The base suspension was 
extracted with QIClj which was then rinsed with water, 
dried over NejO^ and concentrated under reduced pressure 
to give the amine as the free base; NMR (CDCI3); 51 .33 (m, 
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3H), 1 .52 (m, 410, 2.47 (s, JH) 2 49 fd JH I n, -^iti 7 =^ 

tiuM and dncd undervacuum lo vielH i in m„ „f 

?^4:K'^::J];"f,5^'^^ «^ ^•73; N. 6,68. Found: 

The foJJowing compounds were Drcnar^^H ,n . ■ •, 
manner, with .he dl Jnces in symhS nl" ' 

a) |-(4™-2-aza)bulyl-4,5' 8-trimelhylpsoralen dihv 
d^ochlondc (Compound 1). „,p 320=-322° C 

NVIR of free base: d 1 33 (br ' 3HM ^ ^ "r"?^' 
H^, 2H), 2.47 (, 3H) 2^0 (i nf 3^72 ilf 
3H), 2.6-2.85 (m. 4H), 3 89 s 2H Tji , 
1=1 H? im 7 k'y li iu\ r '' (apparent d. 

(decomp).NMRoffreebase:d 1 22 ^^11 3 1 ; 
is^l'i'me'Siiliie"' was 

30 
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EXAMPLE 10 

''"^^"'''"Dih"H''K/'''^y'-^''*''«-'"'"<='^y'P'°'alcn 
Dihydrochlonde (Compound 17) 



35 



The synthesis of 5'-(6-amino-2-aza)hexvl-4 4' S mv,-.,^ 
ylpsora]e„ dihydrochlonde proceeds r^c ni ^r 

T*,„„n ■ ot 1,4-diaminobutane ri20 mir 14 

funhcXKu.^;cKjr *^t"'^«<^t^d with a 
rinsed with w^r T^Si f "^"^^ 
CHPi .-,1 ,• • . product was then extracted from ihr 

was trtcn taken to approximatelv nw n <»^iun, jayer 
NaOH solution Thl u. ^ ^ concentrated ^ 

and concentrated under reduced pressure ^ " 

siH^^SerS^THS^I^^^^^^^^^^ . 
containing the product were S„e dS.Spe?o?r 

^^.i;"'.^"'' 2-22 3H); 2.46 (d t il Hz 3HV 7^?,' 
(S, 3H); 2.65 (m. 4H)- 3 88 fs 2HV fTi i , ' I ^' 
7 40 (s, 1 H). (s. 2H). 6 1 7 (apparent d, 1 Hz); 

The free base, dissolved in absolute EtOH f /; mi ^ 
treated with a so/uiion of HCl in Xr H OM ~. n T 
rcsuluni HCI salt was fiii^H f n.0M,-3 mL). The 

and dried undertrmSd K.n.\t°'f 
5X6-Amino-2.aza)hcxy uTi ,3 36-3%) of product. 6., 
chloride. n,.p. 288^ C t^on^pS^ 



EXAMPLE 1 1 

trim;,h''i"^'"T'^'^'"-'^'^a^"='^adecy|.4,5'.8. 
tnmethylpsoralcn Tctrahydrochloridc (Compound 
15) 

c.?*: °'" ^■-('^-a™no-2.6.Il-triaza)tclradecvl 4 

I) s^tT'''" tetr^ydrochloxide proSf ^one 
tU step, as follows. To a solution of 0 5 p <t7Z^ u r 
spermine (Aldrich, Milwaukee wl ) in io^f f .^'^ °\ 

MeOH The reactiS rn^r^ °^ ^"^^'^^ and 3 mL of 

wiui inree Z2 mL portions of PRri tv,« » 

™witrrsf'^-"~ 

7.60 (s, % 3 «5 2H), 6.21 (s. IH)m 

i^ZVT^:i^,'l'1 ^^-'"'-'■anol and HCI 

EXAMPLE 12 



subsequently infect hari^rj, j , -^. "^ "^"^ P*«8e to 
measured T^ie ba^LriTnr ^as 

as.y accurately ™a.,ures HIV-1 sensitivi^sS-'i™' 

.i.eS'.wfrdZS'"*''"^^^^^ 
-JssuecUJre^S^^^^^ 

The Rl 7 phage stock was added to a olut^n of 15% f^j 
polyethylene tube. An aliquot i^m%ml\jTZ 
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compound slock solution prepared in waicr, cihanol or 
dimclhylsulfoxidc ai 0,80-8.0 mM was added lo the lube. 
Compounds were tested at concentrations between 4 and 
320 nM. (AMT is commercially available from HRI. Inc., 
Concord, Calif.; 8- MOP h commercially available from 
Sigma, Si. Uiuis, Mo.). The lubes were placed in a light 
device as described in EXAMPLR 1 and irradiated for 
between 1 and 10 minutes. Sterile 13 mL dilution tubes were 
prepared; each test compound required one lube with 0.4 mL 
of Luria broth (LB) and five tubes containing 0.5 mL of LB 
broth. To make the dilutions, a 0.100 mL aliquot of Lhc 
irradiated solution of phage and test compound was added to 
the first dilution tube of 0.4 mL of media then 0.020 mL of 
this solution was added lo the second tube of 0.5 mL 
medium (1 :25). The second solution wa.s then diluted seri- 
ally (1 :25) into lhc rcinaining tubes. To each diluted sample 
was added 0.050 mLof Hfr 3000 bacteria cultured overnight 
and 3 mL of molten LB lop agar and the mixed materials 
were poured onto LB broth plates. After Lhc top agar 
hardened, the plates were incubated ai 37' C. overnight. The 
plaque forming units were then counted the following morn- 
ing and the liter of the phage remaining after phototreatmcnt 
was calculated based on the dilution factors. 

The following controls were run: lhc "phage only" in 
which phage was not treated with test compound and not 
irradiated (listed as "starting titer" in the tables below); the 
"UV only" in which the phage was irradiated in the absence 
of test compound; and the "dark" control in which the 
ph age/test compound solution was not irradiated before it 
was diluted and plated. 

TABLE 5, below, shows three different experiments 
which tested Compound 1 according to the R 17 protocol just 
described. A comparison of values for the conuol samples in 
runs 1-3 (values in bold) shows thai neither ihe "UV only" 
nor the "dark** controls result in significant bacterial kill (al 
most, 0.3 logs killed in the "UV only" control and 01 logs 
killed in the "dark" control) 

The "UV onl/' control was repeated in many similar 
experiments with other compounds of the present invention 40 
and consistently showed no significant kill. (Data not 
shown), Thus, the *'UV only" control is not shown in the 
tables and figures that follow, although it was performed in 
every experiment in this example. As for the "dark" control, 
after many trials with various compounds of the present 45 
invention, it became apparent that regardless of the type of 
substitution on the 4' position of the psoralen, no experi- 
mentally significant bacterial inactivation was observed in 
the dark. (Data not shown). For example, in Table 5, 
experiment 1 shows 0.1 logs kill with compound 1 in the 
dark. In contrast, when Compound 1 is irradiated for just 1 
minute, the resulting drop in titer is >6.7 logs. Therefore, 
**dark" controls were not run for the later tested compounds 
and where run, are not shown in the tables and figures that 
follow. 



20 



25 



30 



TABLE 5 



OTERIMENT 



LXKJ5 



TABLE 5-continued 








LOGS 


K 


TREATMEIVT 


LOG TfTER 


KILLED 




32 \xM cmpd 


<l 


>6.7 




10' uva 






2 


pK&^c only 


7 R 






uva only (IC) 


7.6 


0.2 




compound unly 


77 


0.1 




(3.2 >iM) 








3.2 iiM cmpd 


6.9 


0.9 




r uva 








3 .2 cmpd 


6 1 


1.7 




10' uva 






3 


phage only 


7.3 






uva only (V) 


7.3 


0 




compound only 


7.3 


0 




(16 mM) 








4 cmpd 


6.3 


LO 




r uva 








8 iiM cmpd 


5.6 


1.7 




I' uva 








1 6 ^iM cmpd 


3,9 


3.4 




1' uva 







Tables 6-9, below, and FIGS. U-13 show the results of 
the R17 assay for several of the 4 -primary amino -substituted 
psoralen compounds of the present invention. The data in 
Tables 7 and 8 appears in FIGS. 11 and 12, respectively. 
S'-Primaryamino-subslituted psoralen compounds of the 
present invention, which have substitutions on the 5' posi- 
tion similar to the 4'- primaryamino- substituted psoralen 
compounds, were also tested at varying concentration, as 
described above in this example, and arc shown to exhibit 
comparable inactivation efHciency. The results for these 
compounds arc shown in FIGS. 14 and 15, below. 

The compounds of the present invention having substi- 
tutions on the 4' position of the psoralen ring proved to be 
active in killing R17, as shown in 



TABLE 6 



5C 





TREATMENT 


irrtR 


KHXED 


1 


phage only 


7.7 






uva only (10") 


7.4 


0.3 




compound only 


7.6 


OA 




(32 |iM) 








32 cmpd 


<] 


>6,7 




r uva 
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Starting dtcr of R17: appnw. 7.5 logs 
1 Minute Irradiation 




Cmpd. 




R17 log kill 
{12 iM) 


AMT 

8-MOP 

1 




>6.7 

0 
>6.6 




TABLE 7 


Starting titer approx. 7 2 logi R17 
\ minute irradiation 






R17 log kill 


Compound 


8 mM 




32 jiM 


AMT 


2.7 


4.6 


>62 


1 


1,7 


2.8 


5.3 


2 


3,8 


>6.2 


>62 


3 


>6,2 


>6.2 


>6.2 
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40 

EXAMPLE 



3 







ng tiler approx. 


7.1 logs 






1 minulc iiradialion = 


1,2 W 








R17 log kill 




Cmpd 


8 ^iM 


16 


32 hM 


64 


AMI 




4 


4,8 




3 


3.6 


>t.] 






4 




2.3 


4.3 


>6 1 


5 




5.6 


>6,I 


>6 1 


6 




>6.I 


>6.I 


>6 I 


TABLE 9 




Starting titer approx 7.1 logs RI7. 






1 Minute IrradiaLion, 








RI71og kill 




Cmpd 




16 |iM 


32 mM 


64 jiM 


AMT 




>6 


>6 




fi 




>6 






7 




>6 




>6 



the tables above. In Tabic 7, ii is apparent that compound 1 
of the present invention exhibits much higher R17 inacli- 
vaiion efficiency than does 8-MOR As shown in Table 7 and 
FIG. 11, Compound 1 is one of the less active compounds of 
the present invention. Both Compounds 2 and 3 show higher 
log inactivalion than Compound I at each concentration 
point. These results support that the compounds of the 
present invention arc generally much more active than 
8-MOR 

The compounds of the present invention also have similar 
or better R17 inactivalion efficiency than AMT. In Tables 7 
and 8, and RGS. 11-15, all compounds of the present 
mvcntion achieve R17 log inactivalion at levels comparable 
to AMT. Compounds 2 and 3 (T^blc 6, FIG. 11), Compounds 
5 and 6 (Table 8, FIG. 12). and Compound 16 (FIG. 15) 
exhibit significantly higher inactivalion efficiency than docs 
AMT. 

Compounds of the present invention were also tested at a 
constant concentration fur varying doses of UV light. Three 
sets of 1.5 mL tubes were prepared containing 0.6 mL 
aliquots of RI7 in DMEM (prepared as described above). 
The compound tested was added at the desired concentration 
and the samples were vortexed. The samples were then 
irradiated ai intervals of 1.0 J/cm^ until 3.0 J/cm^ was 
reached. Between each 1.0 J/cm^ interval, 1001 pL was 
removed from each sample and placed in the fimt corre- 
sponding dilution tube, then five sequential dilutions were 
performed for each compound tested, at all 3 irradiation 
doses, as described above in this example. 

Then 50 ^L of Hfr 3000 bacteria was added to each tube, 
3 ml. of top agar was added and the tube contents were 
vortexed. The contents of each tube was poured into its own 
LB plate and the plates were incubated overnight at 37° C. 
Plaques were counted by visual inspection the following 
morning. 

The results of the assay for several 4' and 5'-prima- i 
ryamino-substituted psoralen compounds arc shown in 
FIGS. 16-22. This data funhcr supports that the compounds 
of the present invention are comparable to AMT in their 
ability to inactivate RI7. Further, Compounds 6 (RG 16) 
10 (FIG. 17), 12 (HG. 18), 15 (HG. 19 and 22), and 
Compound 17 (FIG. 20), all were more efficient at inacti- 
vating R17 than was AMT. 
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Pathogen inactivalion efficiency of several aimpounds of 
the present invention was evaluated by examining the ability 
of the compounds to inactivate cell-free virus (HIV). Inac- 
t:vation of cell-free HIV was performed as follows. 

As in the R17 assay, small ahquois of the compounds 
listed in TABLES 10 and 11, below, at the concentrations 
listed in the table, were added to stock HIV-1 to a total of 0 5 
mL. The slock HI V ( 1 0^- 1 0"^ plaque forming uniis/mL) was 
in DMEM/15% FBS. The 0.5 mL test aliquots were placed 
in 24 well polystyrene tissue culture plates and irradiated 
with 320-400 nm (20 mW/cm^) for 1 min on a device 
similar to the device of Example 1. The photoaclivation 
device used here was previously tested and found to result 
in light exposure comparable to the Device of Example 1 
(Data not shown). Controls included HIV-1 stock only, 
HIV- 1 plus L'VA only, and IIIV-1 plus the highest concen- 
tration of each psoralen tested, with no UVA. Post irradia- 
tion, all samples were stores frozen at -70'' C. until assayed 
for infectivity by a microliter plaque assay Aliquots for 
measurement of residual HIV infectivity in the samples 
treated with a compound of the present invention were 
withdrawn and cultured. 

Residual HIV infectivity was assayed using an MT-2 
infectivity assay. (Previously described in Hanson, C. V., 
Crowford-Miksza, L and Shcppard, H. W.. J. Clin. Micro 
28:2030 (1^0)). The assay medium was 85% DMEM (with 
a high glucose concentration) containing 100 of strepto- 
mycin, 100 U of penicillin, 50 (ig of gentamicin, and 1 pg of 
amphotericin B per mL, 15% FBS and 2 ^g of Polybrene 
(Sigma Chemical Co., St. Louis, Mo.) per mL. Test and 
control samples from the inactivalion procedure were 
diluted in 50% assay medium and 50% normal human 
pooled plasma. The samples were serially diluted directly in 
96-wcll plates (Coming Glass Works, Coming, N.Y.). The 
plates were mixed on an osdllatory shaker for 30 seconds 
and incubated at 37° C. in a 5% CO^ atmosphere for 1 to 18 
hours. MT-2 cells (0.025 mL) [done aIpha-4, available 
(catalog number 237) from the National Institutes of Health 
AIDS Research and Reference Reagent Program, Rockville, 
Md ] were added to each well to give a concentration of 
80,000 cells per well. After an additional 1 hour of incuba- 
tion at 37* C. in 5% CO2, 0.075 mL of assay medium 
containing 1.6% SeaPlaquc agarose (FMC Bioproducis, 
Rockland, Me.) and prcwarmed to 38.5° C. was added to 
each well. The plates were kept at 37° C. for a few minutes 
until several plates had accumulated and then centrifuged in 
plate carriers at 600xg for 20 minutes in a centrifuge 
precooled to 10*' C. In the centrifuge, cell monolayers 
formed prior to gelling of the agarose layer. The plates were 
incubated for 5 days at 37° C. in 5% CO^ and stained by the 
addition of 0.05 mL of 50 \ig/mL propidium iodide (Sigma 
Chemical Co.) in phosphate-buffered saline (pH 7.4) to each 
well. After 24 to 48 hours, the red fluorescence-stained 
microplaques were visualized by placing the plates on an 
8,000 ^W/cm^ 304 nm UV light box (Fotodyne, Inc., New 
Berlin, Wis ). The plaques were counted at a magnificaiion 
of x20 to x25 through a stcrcomicroscopc. The results are 
shown in TABLES 10 and 11, below, "n" represents the 
number of runs for which the data point is an average. 

The results support that the compounds of the present 
invention are effective in inactivating HIV. In fact, the data 
for conccnu^tions of 64 ^M of compound or higher suggests 
that compounds 2 and 3 are significantly more active than 
AMT, which was previously thought to be one of the most 
active anii-viral psoralens At lower concentrations, Com- 
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pound 6 is able to kiU a higher log ofHIV (3.1 logs al 32 ^M) 
than is AMT (2.5 logs ai 32 ^M). The oihcr compounds 
listed in TABLE 9 display inacii vaiion cflicicncy in the same 
range as AMT, 

TABLH 10 

[ minute iiradiarion 
HIV starting tiler; approximately 5 logs 



42 



HIV log kill 



10 



COMPOUND 


16 |lM 


32 ^iM 


64 |iM 


128 ^iM 


AMT 


1.4 


1 9->3 6 


3.9->3.6 


>4.1 


1 






2.1 


>28 


2 


1.4 


3.8 


>4.5 


>4.5 


3 




2.7 


>3 8 


>3.8 


4 




2.2 


>3.6 


>3.6 


5 


0.9 


1,3 


>2.6 




6 


2.0 


3,1 


>3.8 




7 


0.8 


2,1 


3.5 




8 


M 


19 


3.7 


>3.7 



TABLE U 


HIV starling titer approximauily 5.4 logs 
1 minute irradialion 








K7V log kill 


COMPOUNT) 


16 mM 


32 mM 


64 ^iM 


6 


2.1 


3.2 


>2.8 


9 


0.8 


L4 


2.7 


10 


2.0 


>35 


>3.5 


12 


0.4 


08 


1.3 


17 


1.2 


2,9 


3,4 


18 


1.0 


1,0 


3.1 



20 



30 



EXAMPLE 14 

This example describes the protocol for inacti vaiion of 
Duck Hepatitis B Virus (DHBV), a model for Hepatitis B 40 
Virus, using compounds of the present invention. 

DHBV in duck yolk was added to platelet concentrate 
(PC) to a final concentration of 2x10"^ particles per mL and 
mixed by gentle rocking for ^ 15 min. Psoralens S-70, S-59 
and AMT were added to 3 n:iL aliquots of PC in a Teflon™ 45 
mini-bag at concentrations of 35, 70, and 100 mM. Samples, 
including controls without added psoralen, were irradiated 
with 5 J/CM^ UVA, with mixing at 1 J/cm^ increments. After 
irradiation, leukocytes and platelets were separated from 
virus by ccntrifugation. The supernatant containing DHBV 50 
was digested overnight with 50 Mg/mL proteinase K in a 
buffer containing 0.5% sodium dodecyl sulphate, 20 mM 
Tris buffer, pH 8.0, and 5 mM EDTA at 55"* C. Samples were 
extracted with phenol -chloroform and chloroform, followed 
by ethanol precipitation. Purified DNA was then used in 55 
PCR amplification reactions with a starting input of 10* 
DHBV genomes from each sample, PCR amplicons were 
generated using primers pairs IX:D03/DCD05 (127 bp) 
IX:D03/DCDQ6 (327 bp) and IX:d03/DCD07 (1072 bp).' 
PCR was performed in a standard PCR buffer containing 0.2 so 
mM each deoxyribonuclcoside 5 '-triphosphates (dATP, 
dGTP. dCTP, and dTTP), 0,5 mM each primer, and 0.5 units 
Taq polymerase per 100 ml reaction. 30 cycles of amplifi- 
caUon were performed with the following thermal profile: 
95° C 30 sec, 60*^ C 30 sec, 72° C. 1 min. The amplification 65 
was followed by a 7 min incubation at 72=* C to yield full 
length products, [lambda- ^^P] dCTP was added at an amount 



of 10 mCi per 100 ml in order lo dctcci and quantify the 
rcsullmg products. Products were separated by electrophore- 
sis on denaturing poly aery lamidc slab gels and counted The 
absence of signal in a given reaction was taken lo indicate 
effective inaciivation of DFfBV. 

The results showed that ihc smaller amplicons displayed 
increasing inactivaiion as a function of psoralen concentra- 
tion for all psoralens tested. At the same concentrations, 
S-59 and S-70 inhibited PCR of the smaller amplicons better 
than did AMT. For the 1072 bp amplicon, complete inhibi- 
tion of PCR was observed at all concentrations of S-59 and 
S-70, whereas the sample without psoralen gave a strong 
signal. AMT inhibited PCR amplification of the 1072 bp 
amplicon at the 70 and 100 mM levels, but a signal could be 
detected when AMT was used at 35 mM final concentration. 

EXAMPLE 15 

In Example 13, the compounds of the present invention 
were tested for their ability to inactivate virus in DMEM/ 
15% FBS, In this example, the compounds are tested in both 
100% plasma and predominantly synthetic media, to show 
that the methods of the present invention are not restricted 
to any particular type of medium. 

For the samples in synthetic media: standard human 
platelet concentrates were cenirifuged to separate plasma. 
Eighty- five percent of the plasma was then expressed off and 
replaced with a synthetic medium (referred to as "Steri- 
lytc™ 3.0") containing 20 mM Na acetate, 2 mM glucose, 
4 mM KG, 100 mM NaCl, 10 mM Naj Citrate, 20 mM 
NaH2P04/Na2HP04, and 2 mM MgCl^, H9 cells infected 
with HIV were added to either the 85% Sterilyte"*"" 3.0 
platelet concentrates or standard human platelet concen- 
trates (2.5x10'' cells per concentrate), final concentration 
5x10 cells/mL. The platelet concentrates were placed in 
Teflon™ modified FL20 or Teflon™ Minibags (American 
Fluoroseal Co., Silver Springs, Md.), treated with one of the 
compounds shown in FIGS. 23 and 24, at the concentrations 
shown, and then irradiated with 320-400 nm (20 mW/cm^) 
for 5 J/cm^ (for plasma samples) or 2 J/cm^ (for 85% 
Stcrilyte™ 3,0 samples) on a device similar to the Device of 
Example 1. The photoactivation device used here was pre- 
viously tested and found to result in light exposure compa- 
rable to the Device of Example 1. (Data not shown). 
Aliquots for measurement of residual HIV infcctivity in the 
samples treated with a compound of the present invention 
were withdrawn and cultured. 

For samples run in plasma: H9 cells infected with HTV 
were added to standard human platelet concentrates (2.5x 
10^ cells per concentrate), final concentration 5x10^ cells/ 
mL, Aliquots of HIV contaminated platelet concentrate (5 
mL) were placed in water jacketed Pyrex chambers. The 
chambers had previously been coated on the inside with 
silicon. The platelet concentrates were treated with one of 
the compounds listed in TABLES 10 and II, below, at the 
concentrations listed in the table, and then irradiated with 
320-400 nm (20 mW/cm^) for 1 minute on a device similar 
to the Device of Example 1 . The photoactivation device used 
here was previously tested and found to result in light 
exposure comparable lo the Device of Example 1 . (Data not 
shown). Aliquots for measurement of residual HTV infcc- 
tivity in the samples treated with a compound of the present 
invention were withdrawn and cultured. Residual HIV infcc- 
tivity was assayed for both the plasma and the 85% Steri- 
lytc™ samples using an MT-2 infeciivity assay. (Detailed in 
Example 13, above, and previously described in Hanson, C 
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V. el al , Clin. Micro 2S;2030 (1990)) The rcsulK -^rr 
shown in HGS 23 and 24. 

The rcsulLs .support lhat ihc compounds of the prcsom 
invention arc cfTcctivc in inactivating HIV in both d a mn 
and synthetic medium. C„n,paring FIGS S a^d ff T 

approximaicl) 5 logs of mactivaUon at 64 uM concenira 
Mons of compound. However, the inaciivatioVin ^mha 
media was performed with only 2 J/cm^ irraZt onT /.-^^ 

plasma. Thus, n appears from the data that synthciic Irf^ 
facluates the mactivation methods of the prS inveSa 
EXAMPLE 16 



44 



nuJS'a^iTIIinw'''"''"'' inaclivation by the photoreaclivc 
nucleic acid binding compounds of the present invention 
was measured as a function of the ability of^" b^^ria to 
ubscquently replicate. A gram negative bacteria w^chosen 
_as^repr«entat,ve of the more difficult bacteriallS'o 

M^'^T.'.fTt' was innoculaied 

L 37c c utLT^ °^=™'8hl in a shaker 

at J7 C, Based on the approximation that one OD at 6 1 0 nm 

dilution of the culture was measured on a SDcclronhomr 
«e, (rnanufactured by Shimatsu). TTic bac enK£ was 
added to a solution of 15% fetal bovine serum in DMEM m 

aliquot (0.8 mL) was transferred to a 1 5 mL snan mn 
polyethylene tube. An aliquot (0.(X)«.O4O m^of K 
compound stock solution prepared in water Mhan^i 
d-methylsulfoxide at 0.80-^0 "LmZ added to 
Compounds were tested at a concentration of 16 S £ 

EXAMPLE iI'h"' '^^^''^^ in 

foT^st?;f. r °^5J/cm^. 150 ML were removed 

or testing after each pulse period. Sterile 13 mL dilution 

^r ID u f"""" '""^s containine 0 5 mL 

,1^ 7° "'""'icns. a 0.050 mL ahquot ofS 
"Taiated solution of phage and lest compound wradded to 
he firs diluuon tube of 0.5 mL of media then a050 nS o? 
this solution was added to the second tube of OS mi 

^^(NOl'iliS '"^"^ £d?L°ed'se^ 
aiiy ti.iUJ into the remai nine tubes 100 nT «ftK-„« ■ i 
sample and each dilution are'pla.S'seKylt l"S « 
plates and incubated at 37° C overT,,»h, tt,! T 

„ J^/"""*^"* ^^'^ i^": *e "bacteria only" in 

S^atS^"" r ^^-^ compou" d2 n 

" as "Starting titer" in the Ubles below) the 
UV only in which the bacteria was irradiated in th^ 
bsence of test compound. Dark controls wc^ n« n^T 

formed here for reasons set forth in Example l^aCe " 

wa? 6 sSf rr w "T." "^'"B 'i^" of tactena 
was 6.5 logs. After 5 J/cm' irradiation, the log kill for the 
vanous compounds tested were as follo;s: 8-MOP ,.9 Lgs 
AMT-5.2 logs. Compound 2->5.5, Compound 6->5 <i Pm^' 
these results, it is clear that the comSdf o^^c ores m " 
nvcntion are more efficient than both AMT 2d 8^Sp a 
"lacuvating a gram negative bacteria. 

EXAMPLE 17 

hll """^P'". psoralens of the present invenUon " 

have been demonstrated to be effective for inactivating 
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pa hogens. such as bactena (pscudomonus), bacicriophasc 

e 1 mhed T'" ""^'"u' -'^"^Tng o 

nr,. .n 'he compounds of the 

present invention maciivatc pathogens, il is believed that 
inac.ivat.on results from light induced binding o the n or 

efficie^c; a^d itJ ri':?'^ ""''"S^" 
d^k at ^ow .1. , P""^',"* mutagenic action in the 
dark at low conccnu^tions. In contrast, the less aal^l 
psoralens, such as 8-MOP. that have been exam ned pr vi 
ously show significantly less mutagenicity TOs examok 
estaW^ishes that photobmding and mulagenicitr^ nm 
linked phenomenon in the compounds of the prelt^ven 
nTl? ^ "^'"^ "^'^ P'^''^"' have exceptional 

arJ"teSSr P«»em invention 

arc tested for iheir dark mutagenicity using an Ames assay 
The procedures used for ±e Salmonella mutageS tes^as 
descnbed m detail by Maron and Ames we^lollow^ 

" 7^3 Si A brieTn '^"'^"^ 

1 ^ ^' ^ bnef description for each procedure h 

K^^d ^15^ """J^"^' TaKaTo 
TA98 TrH^7 . tT[«o'^"«^ ^ Ames. TA97a, 

Jceir?.Trh!f ' base-substitution tester strains. Upon 
receipt each strain was cultured under a variety of condiiiZ 
to confirm the genotypes specific to the sti^ns 
The standard Salmonella tester strains used in this study 

f=t^^s.lT=■^t^i:^^^^^^^^ 
ati;™t^='X^^'°^''^^'-^"^'— 

Histidine Dependence: 

str^ fiTir'" '^^'^'^ by streaking each 

^^1- J T"'"^ ^'"'^^^ P^'^ supplemented only 
m^n,.. ' g'"'^"^^ plate supple^ 

mented with b.otin and histidine. All strains grew the iXf 

A mutation which causes partial loss of the lipopolysac 
chande bamer that coats the surface of the bS thus" 
■ncreasmg permeability to large moteculcs w^ co^fi^X 
exposing a streaked nutrient agar plate coated wi^ thT^ster 

added to 2 mL of molten minimal top agar and poured onto 

With e^vlr " ^"'^ fi'^aper dirs« 
w h eiystal vio e was placed at the center of each plau: 
After 16 hours of incubation at 37° C. the plates were s^«i 
and acle^zone of no bactenai growth waTfou^d^nTS 
disc, confirming the rfa mutation 
uvrB Mutation: 
Three strains used in this study contain a deficient IJV 

-pa.rsys.ema'A97a.TA98,TA100.TA1537^dTAX 
This trait was tested for by streaking the strains on a nutrient 
agar plate, covenng half of the plate, and irradiatinp ih^ 
exposed side of the plate with germicTdal'^ ^Affe 
incubauon growth was only seen on the side oTL pi te 
shielded from UV irradiation ^ 
R-factor; 

The tester strains (TA97a, TA98. TAIOO and TA107* 
'T""' P'*^-"'" '"creasesThetY senlwvi y 
dlirSh?,' resistance lo^J 

c llin to the bactena. TOs was confirmed by giowina L 
strains in the presence of ampicillin ^ 
pAQl: 
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Strain TA102 also contains the pAQl plasmid thai funhcr 
enhances ils scnsitivily lo muiagcns. This plasmid also codes 
for IcLracydinc resistance. To Icsl lor the presence fo this 
plasmid TA102 was streaked on a minimal glucose plate 
containing histidinc, hiolin, and tetracycline. The plate was 5 
incubated for 16 hours at 37" C. The strain showed normal 
growth indicating the presence ol" the pAQl plasmid. 

The same cultures used for the genotype testing were 
again cultured and aliquols were frozen under conirollcd 
conditions. The cultures were again tested for genotype to to 
confirm the fidelity of ihc genotype upon manipulation in 
preparing the frozen permanent s. 

The first tests done with the strains were to determine the 
range of spontaneous reversion for each of the strains. With 
each mutagenicity experiment the spontaneous reversion of 15 
the tester strains to histidinc independence was measured 
and expressed as the number of spontaneous rcvcrtants per 
plate. This served as the background controls. A positive 
mutagenesis control was included for each tester strain by 
using a diagnostic mutagen suitable for that strain (2-ami^ 20 
nofluorcnc at 5 mg/plaic forTA98 and sodium azide at 1.5 
mg/plate for TA 100). 

For all experiments, the pre incubation procedure was 
used. In this procedure one vial of each tester strain was 
thawed and 20 of this culture was added to 6 mL of Oxoid 



Nutrient Broth #2. This solution was allowed to shake for 10 
hours at 37° C. In the prc-incubation procedure, 0.1 mL of 
this overnight culture was added to each of the required 
number of sterile test tubes. To half of the lubes 0.5 mL of 
a 10% S-9 solution containing Aroclor 1254 induced rat 
liver extract (Molecular Toxicology Inc., Annapolis, Md 
and MgCl2, KCl gIucosc-6-phosphatc, NADP, and sodium 
phosphate bufTcr (Sigma, St. Louis, Mo.) were added. To the 
other half of the lubes 0.5 mL of 0.2M sodium phospatc 
bulTcr, pH 7.4, was used in place of the S-9 mixture (the S-9 
samples). Finally 0.1 mL of the test solution containing 
cither 0, 0.1, 0.5, 1 , 5, 10, 50, 100, 250, or 500 ng/mL of the 
test compound was added. The 0.7 mL mixture was vortcxcd 
and then pre-incubatcd while shaking for 20 minutes at 37° 
C. After shaking, 2 mL of molten top agar supplemented 
with histidine and biotin were added lo the 0.7 mL mixture 
and immediately poured onto a minimal glucose agar plate 
(volume of base agar was 20 mL). The lop agar was allowed 
30 minutes to solidify and then the plates were inverted and 
incubated for 44 hours at 37° C. After incubation the number 
of revertant colonies on each plate were counted. The results 
appear in TABLES 12(A} 18(B), below, ("n" represents the 
number of replicates performed for each data point.) 



TABLE 12 (A) 



AMT 



TA97a- TA9Va - TA98 - TA98 ^ TAIOO - TAIOO + 
STRAIN S9 59 S9 S9 S9 S9 



[>)SC 



0 


109 


158 


20 


25 


126 


123 




23 


n - 39 


r. = 38 


n - 53 


n-4t 


11 = 56 


0,1 


14 


-23 


3 


1 


-10 


-16 




11 = 3 


n = 6 


[1=3 


n = 6 


□ = 3 


n = 6 


0.5 


9 


32 


5 


3 


13 


-12 




n = 3 


n = 6 


n= 3 


n =6 


n ^ 3 


n =6 


1 


54 


32 


5 


21 


17 


-19 




n = 3 


n = 6 


n- 3 


n = 6 


n = 3 


n = 6 


3 


73 


149 


16 


232 


59 


-6 




n - 3 


n = 6 


Ty = 6 


11-9 


n-9 


r = 12 


10 






20 


403 


105 


17 






n- 9 


n = 9 


n = 15 


n - 15 


50 






69 


620 


73 


52 






n=9 


n =9 


n = 9 


n = 9 


100 






114 


745 


75 


85 






n = 9 


n =9 


n = 9 


n = 9 


250 






112 


933 


24 


89 






n = 6 


n =6 


n-6 


n 6 


Positive 




5 fig/plaic 




5 ^ig/plaic 


1.5 Kg/plc 




Control 




2-Amino 




2- Amino 


sodiuni 








fluorcnc 




fluorene 


azide 








SOB 




1154 


965 








n = 21 




n = 35 


n = 38 





TABLE 12 CB) 

AMT 



TA102- TA102+ TA1537 - TAI537 + TA1538 - TA1538 + 
STRAIN S9 S9 S9 S9 S9 S9 



Dosp 
^fe/plate 

0 346 404 9 9 15 
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STRAIN 



TA1Q2 - 
S9 



TA102i 
S9 



0 1 

0.5 

] 

5 

10 

50 

100 

250 

Positive 
Control 



n ^ 26 

27 
n - 3 

41 
n = 3 



266 



IOO^ig/p! 
hydro|cn 
peroxide 
660 

n = 73 



n ^ 41 
5 

n =. 6 

17 
1 - 6 

51 
1=6 



TA1537 - 
S9 



TAI537 ^ 



n = 30 


n - 45 


0 




n = 3 


n = 6 


3 


2 


n- 9 


n = 12 


5 


3 


n-9 


n = 12 


44 


22 


n = 9 


n - 12 


52 


30 


n = 9 


n = 9 


2688 


94 


n ^ 9 


9 


2058 


686 


n - 9 


n = 9 


434 


3738 


n = 9 


n= 12 




lOng/plt 


9-Amino 


2- Amino 


acridinc 


flu ore nc 


284 


73 


n - 6 


n = 24 



TA1538 - 
S9 



n= 30 
3 

n ^ 3 
4 

n = 9 
4 

n- 9 

13 
n 18 

14 

n - 9 



IAI538 - 
S9 



r = 42 
3 

n =6 
13 
n = !2 

37 
n ]2 
177 
n = 2l 
255 
n = 9 



5 ug/plate 

2 -Ami no 
fluorrne 
1064 
n-30 



TABLE 13 (A) 



STRAIN 



8-M0P_ 

TA102- TA102 + 
S9 59 



TA]537 ^ 
S9 



Dose 



10 
30 
60 
90 

100 

500 



Positive 
Control 



STRAW 



Dose 



346 
26 

-55 
n - 14 

-57 
n= ]4 



217 
n= 14 

781 
n= 11 

100 

hydDgcn 
peroxide 
660 
n =23 



404 
n - 4[ 
46 

n = 17 
-27 
n= 17 



290 
17 
1179 
n = I] 



9 

n ::r30 



5 

n-3 
3 

n = 3 

-I 

n = 3 



lO^ig/pU 
9-Amino- 
AcridiTie 
284 

n-6 



TABLE 13(B) 



TA102 - 
S9 



8-MOP 



TA102 \ 
S9 



TA1537 - 
S9 



346 

26 
-55 



404 

11 = 41 
Ad 



:30 



TA1537 ^ 
S9 



= 45 



] 

n 6 

-4 

n = 6 



lOMg/pit 
2-AminQ- 
fluorene 

73 
n ~ 24 



13 (B)-continued 



30 



8-MOP 



TAI537 i 
S9 



= 45 



35 



40 



STRAIN 

10 

30 

60 

90 

100 

5O0 

Positive 
Control 



TA102 - 
S9 



TAI02 -t- rA]537 - 
S9 S9 



50 



55 



60 



65 



STRAIN 

!>ose 
/plai 

0 

5 

10 

Positive 
Control 



n = 14 
-57 
n =r 14 



217 
n ^ 14 

781 
n =: n 
lOO^pIt 
hydrogen 
peroxide 

660 
n = 23 



n = J7 

-27 
n ^ 17 



290 
n= 17 
1179 
n= n 



5 

u = 3 
3 

n = 3 
-I 

n = 3 



IOmMjIi 
9-Ainino- 
Acridine 

284 

n =6 



TABLE 14 



TAIOO- 
S9 



Compound 1 

TAIOO + 
S9 



TAI538 - 
S9 



126 
n =4] 

292 
n = 3 
337 
n = 3 
1-5 ii^laie 
Sodium 
Azidc 



123 

-24 
1 = 3 
-22 

1-3 



15 
n = 30 

10 
n = 3 

12 
n = 3 



TAI537 ^ 
S9 



1 

n = 6 
n =6 



lOMg^li 
2-Aniina- 

73 
n = 24 



TA]53fi - 
S9 



19 
n = 42 

2i 
n ^ 3 
22 
n = 3 
5 iig^laie 
2-Ainino- 
fluorenc 
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TABLE l4-coniinucd 



STRAIN 



TAIOO - 
S9 



TAIOO ' 
S9 



TA1538 - 
S9 



965 
38 



TABLE 15(A) 



Compound 2 



TA1538 < 
S9 



: 30 



STRAIN 
Dose 


TA98 
-S9 


TA98 
+S9 


TAIOO 
-S9 


TAIOO 
+S9 


0 


20 


25 


126 


123 




n ~ 35 


n = 50 


n ^41 


n- 56 


5 






103 


-18 








n = 3 


n - 3 


10 


23 


24 


46 


I 




n= 3 


n - 3 


n = 6 


n = 6 


50 


52 


35 


182 


115 




n - 3 


n = 3 


n = 3 


n : 3 


100 


39 


53 


121 


96 




n - 6 


71= 6 


n - 3 


n-3 


250 


29 


69 








n = 3 


n = 3 






500 


6 


63 








n=3 


n = 3 






Positive 


10 jig/pU 


10 Mg/pll 




5 pg/plaie 


Conuol 


9- Arm no- 


2-Amino- 




2-Amino- 




ocridiiK 


fluorcnc 




fluorene 




284 


73 




1064 




n = 6 


n = 24 




n ^ 30 



20 



30 



50 

TABLE 16 



Coinpour.d 3 



STRAIN 
Dose 

jig/plUC 


TAIOO 
- S9 


TAIOO 
+S9 


TA1538 

-59 


TA1538 
tS9 


0 


126 


123 


15 


19 




n rr 41 


n = 56 


n - 30 


n-42 


5 


47 


-19 


C 


1 

n - 3 




n -- 3 


n - 3 


n = 3 


10 


47 


8 




9 




r - 3 


n = 3 


n - 3 


n ^ 3 


Positive 


1.5 Hg/plt 






5 M«/pli 


Conuol 


Sodium 






2-Am)no- 




Azidc 






nuorcnc 




965 






1064 




= 38 






n - 30 



TABLE 17 



Compound 4 



STRAIN 

Dose 
^ig/plalc 


TAIOO 
-S9 


TAIOO 
-S9 


TA1538 
-S9 


TA1538 
*S9 


0 


126 


123 


15 


19 




11-41 


n - 56 


n ^ 30 


n 42 


5 


-41 


-10 


-2 


7 




n-3 


3 


n = 3 


n- 3 


10 


3 


-3 


-2 


-2 




n = 3 


n-3 


n-3 


n- 3 


Positive 


1.5 ^ig/plale 






5 ^lg/plalc 


Control 


Sodium 






Amino- 




Aride 






fluorene 




965 






1064 




n = 38 






n - 30 



TABLE 15(B) 



TABLE 



Compound 2 



STRAIN 

Dose 
^ig/plalc 


TA1537 

-S9 


TA1537 
+S9 


TA1538 
-S9 


TA1538 
+S9 


0 


9 


9 


15 


19 




r ^ 30 


n-45 


n = 30 


n =42 


5 






-8 


2 








n = 3 


n = 3 


10 


36 


5 


-13 


4 




n = 3 


n-3 


n= 3 


n = 3 


50 


282 


40 








n- 3 


n = 3 






100 


258 


88 








D = 3 


n = 3 






250 


176 


744 








n -3 


n = 3 






500 


114 


395 








71 = 3 


n = 3 






Positive 


10 ^Lg/pU 


lO^ig/pIt 




5 |ig/plaic 


Control 


9-Aniino- 


2-Ani3no- 




2-Amino- 




aoidinc 


fluorcne 




[laorcnc 




284 


73 




1064 




n =6 


n = 24 




n = 30 



40 



50 



60 



65 



STRAIN 








TAIOO 


Dow 


TA98 


TA98 


TAIOO 




S9 


+S9 


-S9 


+S9 


0 


20 


25 


126 


123 




n = 38 


n = 53 


n = 41 


nr 56 


5 






-32 


12 








n = 3 


n-3 


10 


12 


-5 


3 


-5 




n - 3 


n = 3 


n -9 


n-9 


50 


12 


2 


2 


24 




n = 3 


n- 3 


n = 6 


n-6 


100 


22 


20 


-18 


-2 




n = 6 


n = 6 


n - 6 


n = 6 


250 


12 


40 




-38 




n = 3 


n - 3 




n = 3 


500 


9 


2 








n = 3 


n = 3 






Pojilivc 




5 ^g/pUlc 


1.5 opiate 




Conuol 




2-AiTuno- 


Sodium 








fljorcnc 


Azidc 








1154 


965 








n-35 


n - 38 




TABLE 18(B) 






Compound 6 




STRAIN 








TA1538 




TA1537 


TA1537 


TA1538 


^ig/pkle 


-S9 


+S9 


-S9 


-S9 


0 


9 


9 


15 


19 




n--30 


n = 45 


n = 30 


n =42 
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TABLE 18(B)-continucd 
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Compound 6 



STRA[N 

Dose TAI537 
Mg/plaie -Sy 



TA1537 
-S9 



TAI538 
S9 



TA1536 
-S9 



50 



100 



250 



Positive 
Control 



HI 
n -6 
20JO 

795 
n = 6 
228 
n=6 
43 

n = 3 

9 Anino- 
acridinc 
284 
n -6 



-1 

n- 6 
17 

n =6 
35 

n = 6 
99 

n = 6 
369 
n -3 

10 >ig/plaie 
2-Aniiiio- 
fluorcne 
73 

n = 24 



-5 

n r 3 

n = 3 



11= 3 
S 

n ^ 3 



5 Mg>^Iatc 
2-Aniino- 
fluorcnc 
1064 



10 

50 

100 

200 

500 
Positive 
Control 



2] 

n - 3 
303 

3 

390 
n = 6 
225 
□ = 3 



8 

D =3 
6 

26 

n = 6 
42 

n =3 

5 *ig/p]ale 
2-Ainino- 

25«9 
n - 3 



TABLE 19(B) 



Compound 18 



STRAIN 




Dose 


rA1537 


Mg/plate 




0 


s 




n = 3 


5 




10 


21 




n = 3 


50 


303 




n = 3 


:oo 


390 




n ^ 3 


200 


225 




11 = 3 


500 






100 Mg/^latc 




AMI 




608 




n:.3 



52 



10 



TABLE I9fA) 


STRAIN 
Dose 


Compound ]8 

TA98 
-S9 


TA98 

+S9 


■ 25 


0 
5 


17 

n - 3 


28 

n =3 


30 



35 



40 



MM 

mutagenic response to drug ^""^ ''"P""*"' 

^^ciii'ZLtAT- ''"'^ '""^Senic response 

mutotioninthe TTi m ., I ' also displayed 

TA1537 in the presence ofsQ r ^"'' *'8^P'«"= 



compounds of the nr«.n, ^""^ '"PP°" ^^^^ 

and low mntag™ ""^^ '^^'^iency 



TAI537 
+S9 



7 

n = 3 



n = 3 
6 

n = 3 
26 

n - 3 
42 

r = 3 



100 ^/platc 
AMT 
500 
n = 3 



EXAMPLE 18 

« -edia.ThisexSe des<^Ss mtthffh'^l". 

media and compounds^ ihtT,.. . ^*^''''^"''^''^ 
iniroducort P'^^^'^"' 'nvent^on may be 

swing bucket IcZ^SoiZol'Tn ' ' '™ 
« ceils and platelet nch^'lasr h 'thT X '(mT^ 
plasma is expressed off of the first bJ<7an f ' ■ 
Fcnwall™devicpfftrni,c™ ^ ^^'^ "sing a 

and into the s^l^b^r^rr'r^- ^^^^ 
detached and tre two b^g S ce^^i''f« ^""'^ 
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"RC"). Sicnlc docking is well-known to the art. Sec e.g., 
U.S. Pat. No. 4,412.835 lo D. W. C. Spencer, hereby 
incorporated by reference, Sec also U.S. Pal. Nos. 4,157,723 
and 4,265,280, hereby incorporated by reference. Slcrile 
docking devices arc commercially available (e.g., Terumo, 
Japan). 

One of the hags (301) of the two bag set (300) contains a 
synthetic media formulation of ihc present invention (indi- 
cated as "STERILYTE"). In the second step shown in FIG, 
25B, the platelet concentrate is mixed with the synthetic 
media by transferring the platelet concentrate to the syn- 
thetic media bag (301) by expressing the platelet concentrate 
from the first blood bag into the second blood bag via a 
sterile connection means. The photo activation compound 
can be in the bag containing synthetic media (301), added at 
the point of manufacture. Alternatively, the compound can 
be mixed with the blood at the point of collection, if the 
compound is added to the blood collection bag (FIG. 25 A, 
201) at the point of manufacture. The compound may be 
either in dry form or in a solution compatable with the 
maintainance of blood. 

FIG. 25C schematically shows one embodiment of the 
decontamination approach of the present invention applied 
specifically lo platelet conccnlraLc diluted with synthetic 
media as in FIG. 25B, In this embodiment, platelets have 
been transferred to a synthetic media bag (301). The pho- 
toactivaiion compound either has already been introduced in 
the blood collection bag (201) or is present in the synthetic 
media bag (301). Either the platelets arc then expressed into 
the synthetic media bag via a sterile connection means (as 
shown) or the synthetic media is expressed into the platelet 
bag. The bag containing the mixture of platelet concentrate 
and synthetic media (301), which has UV light transmission 
properties and other characterislics suited for the present 
invention, is then placed in a device (such as that described 
in Example 1, above) and illuminated. 

Following phototreatment, the decontaminated platelets 
are transferred from the synthetic media bag (301) into the 
storage bag (302) of the two bag set (300), The storage bag 
can be a commercially available storage bag (e.g., CLX bag 
from Cutter). 

FIG. 25D schematically shows an embodiment of the 
decontamination approach of the present invention, which 
includes a capture device to remove photoinactivation com- 
pound from the treated material after phototreatment. The 
present invention contemplaxs several adsorplive materials 
which may be used in a capture device to remove photoin- 
activation compounds, of which the following is a nonex- 
clusive list: Ambcriiie XAD-4 (available from Rohm and 
Haas Ltd., Croydon, Surrey, UK) ('Tlesin hcmoperfusion for 
Acute Drug Intoxication," Arch Intern Med 136:263 
(1976)); Ambcrliic XAD-7 ("Albumin-Coated Ambcrlite 
XAD-7 Resin for Hcmoperfusion in Acute Liver Failure," 
Artificial Organs. 3:20 (1979); Amberlite 200, Amberlite 
DP-K Amberlite XAD-2, Amberlite XAD-16, activated 
charcoals, ("Charcoal hacmopcrfusion in Drug Intoxica- 
tion," British J. Hospital Med. 49:493 (1993); silica ("In 
vitro Studies of the EfBcacy of Reversed Phase Silica Gel as 
a Sorbcnt for Hcmo- and Plasm apcrfusion," Clinical Toxi- 
cology 30:69 (1992)). In one embodiment, the present 
invention contemplates an absorptive material operating in 
conjunction with a filtering means to remove compounds. 

EXAMPLE 19 

This example involves an assessment cf the impact of the 
compounds and methods of the present invention on platelet 
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function. Four indicators of platelet viability and function 
were employed: I) GMP-140 expression; 2) maintenance of 
pH, 3) platelet aggregation, and 4) platelet count. 

To measure the clTects of the present compounds and 
methods of decontamination on platelet function using these 
four indicators, four samples were prepared for each com 
pound tested, two control samples and two containing com- 
pound. Three units of human platelets were obtained from 
the Sacramento Blood Center, Sacramento, Calif These 
were each transferred under sterile conditions to 50 ml 
centrifuge tubes, then atiquots of each unit were transferred 
into a second set of 50 ml sterile centrifuge tubes. To each 
centrifuge tube containing platelet concentrate (PC), an 
aliquot of compound slock was added to reach a final 
concentration of 100 joM of compound. The compounds 
tested in this experiment were Compound 2 (36 pL of 10 
mM stock added to 4 ml PC), Compound 6 (173.5 \i\ of 9.8 
mM stock added to 16.8 ml PC), Compound 17 (2.0 ml of 
1 mM stock added to 18 ml PC) and Compound 18 (0.842 
ml of 2.0 mM slock to 16 ml PC). The samples were pipetted 
gently up and down to mix. Then aliquols (either 3 ml or 8 
ml) of each sample was transferred to two sterile Teflon™ 
Medi-bags"^ (American Fluoroseal Co., Silver Springs, 
Md.) (presently owned by The West Company, Lionvillc, 
Pa.). Samples were treated in one of two different sized bags, 
having either 3 ml or 8 ml capacity. The bags both have 
approximately the same surface area lo volume ratios, and 
previous experimcnls have shown that the two bags exhibit 
approximately equivalent properties during irradiation of 
samples. (Data not shown). For each compound tested, two 
control samples without compound were prepared by again 
removing aliquols of platelet concentrate (17 ml if using an 
8 ml bag, 4 ml if using a 3 ml bag) from the same one of the 
first set of 50 ml centrifuge tubes from which the compound 
sample was drawn, and dividing into Medibags, as before. 
One of each pair of Medibags containing a compound, and 
one of each pair of control Medibags, were illuminated for 
5 Joules/cm on the device described in Example I, above. 
Then all experimental and control Medibags were placed on 
a platelet shaker for storage for 5 days. The same experi- 
ments were repeated several times to obtain more statisti- 
cally meaningful data, as represented by the number of 
data points represented, in the graphs of FIGS. 26-29, 
discussed below. Also in FIGS. 26-29, "CI" represents an 
untreated control at day 1, "D5*' represents an untreated 
control after a five day storage, "uv" represents a sample 
which was treated with ultraviolet light only, and "PCD" 
represents the test sample, u-ealed with ultraviolet light and 
a compound of the present invention. 

To obtain data for control samples at day one, approxi- 
mately 3 ml were removed from the remaining volume of 
each of the three units and divided into two 1.5 ml tubes. 
These samples were tested for pH as described below. A 
platelet count was also taken, as described below, at a 1:3 
dilution. The residual platelet concentrate from each unit 
was spun for 10 minutes at 3800 rpm (3000 g) in Sorval 
RC3B (DuPont Company, Wilmington, Del.) to pellet plate- 
lets. Plasma was then decanted into 2 sterile 50 ml lubes (one 
for Day one, and the other stored at 4** C. for Day 5) for use 
in the aggregation assay. 
1) GMP-140 Expression 

When platelets become activated, an alpha granule mem- 
brane glycoprotein called p-selectin (GMP140) becomes 
exposed on the platelet surface. Less than (5%) of fresh, 
normal unstimulated platelets express detectable GMP140 
levels by flow cytometry. See generally M. J. Mcuelaar, 
Studies on the Expression of Aciivation-Markers on Human 
Platelets (Thesis 1991). 
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To measure GMP140. a small aliquot of plaiclci rich 
plasma is placed in HEPES bufTcr containing a GVIP140- 
binding antibody or an isotypc conirnl mouse IgG. CD62 is 
a commercia]ly available monoclonal antibody which binds 
10 GMPI40 (available from Sanbio, Udcn. the Netherlands; 
Caltag Labs, So. San hrancisco, Calif., and Becton Dickin- 
son, Mountain View, Calif ). After a fifteen minute incuba- 
tion at room tcmpcralurc. Goat F(ab')2 Anti-Mouse IgG 
conjugated to FITC (Caltag Laboratories, So. San Francisco, 
Calif.) is added to the tube in saturating amounts and 
allowed to incubate at room temperature (RT) for 15 min- 
utes. Finally, the cells arc diluted in 1 % paraformaldehyde in 
phosphate buffered saline and analyzed on a FACSCAN"'" 
(Becton Dickinson, Mountain View, Calif.). The positive 
control is made by adding Phorbol Myristatc Acetate (PMA) 
to the lest system at a final concentration of 2xlO"^M. 

In this example. CD62 was employed to measure the 
impact, if any, of irradiation in the presence of several 
compounds of the present invenlion on platelet activation. 
The antibody was mixed with HEPES buffer (10 ^L anti- 
body [0.1 mg/ml]: 2.49 mL buffer) and stored in 50 
aliquots ai C. prior to use. A positive control consisted 
of: 10 ^ CD62, 8 ^L PMA and 2.482 mL Hepes buffer. A 
mouse IgGl control (0.05 mg/ml) (Becton Dickinson, 
Mountain View, Calif. #9040) 5x concentrated was also 
employed. The antibody was diluted in I lEPES bufTer (20 ^ 
antibody: 2.48 ml buffer) and stored at -40"" C. Phorbol 
My ristaie Acetate (PMA) (Sigma, St. Louis. Mo.) was stored 
at -40° C. At lime of use, this was dissolved in DMSO 
(working concentration was 10 ng/mL). 

\% Paraformaldehyde (PFA) (Sigma, St. Louis, Mo.) was 
prepared by adding 10 grams paraformaldehyde to 1 liter 
PBS. This was heated to 70" C. whereupon 3M NaOH was 
added dropwise until the solution was clear. The solution 
was cooled and the pH was adjusted to 7.4 with IN HCl. 
Tills was filtered and stored. 

Processing each of the samples of platelet concentrate 
after treatment involved adding 5 microliters of platelet 
concentrate, diluted 1:3 in Hepes buffer, to each microcen- 
trifuge tube containing the antibody CD62, and appropriate 
reagents and mixing very gcnUy by vortex. The samples 
were then incubated for 15 minutes at room temperature. 

The Goat ami-Mouse IgC-FTTC (diluted 1 : 10 in HEPES 
buffer) was added (5 microliters) to each tube and the 
solution was mixed by gentle vortex. The samples were 
incubated for an additional 15 minutes at room temperature. 
Next, 1 ml of 1% PFA in PBS was added to each tube and 
mixed gently. The platelets were analyzed on the FACS- 
CAlvr™. The results are shown in FIGS, 26C, 27C, 28C, and 
29C. (FIGS. 26 correspond to Compound 2, FIGS. 27 
correspond to Compound 6, FIGS. 2S correspond to Com- 
pound 17 and FIGS. 29 correspond to Compound 18). 
Gcarly, three of the four compounds tested, 2, 6, and 17, 
exhibited little or no difference between the day 5 untreated 
control (D5) and the sample treated with both light and 35 
psoralen compound (PCD). Only Compound 18 exhibited a 
notable increase above the control. But the value was still 
well below the positive control value. 
2} Maintainancc of pH: 

Changes in pH of platelets in concentrate can alter their 60 
morphological characteristics and their survival post trans- 
fusion. Moroff, G., et al., "Factors Influencing Changes in 
pH during Storage of Platelet Concentrates at 20^-24° C," 
Vox Sang. 42:33 (1982). The range of pH at which platelets 
function normally is from approximately 6.0-6.5 to 7.6. 
Stack. G. and E. L. Snyder, "Storage of Platelet Concen- 
trate," Blood Separation and Platelet Fractionation 99, at 
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107 (1991). To measure pH of the samples, a CIBA- 
CORNTNG 238 pH/Blood Gas analyzer was used (CIBA- 
COR^^T^G, Norwood, Mc.). A small amount of platelet 
concentrate from each sample was introduced into the 
pi I/Blood Gas analy/cr. 

Measurements of pH were taken at time zero and after 5 
days of storage for all samples. FIGS. 260, 27D, 28D and 
29D arc bar graphs showing pll results for a dark control, a 
light control and an experimental light plus compound. 
These graphs indicate that the pH of platelet concentrate 
samples after illumination in the presence of any one of the 
compounds remains above a pH of 6.5. Thus platelets 
remain at a pH acceptable for stored platelets following 
photoinactivating treatment using compounds of the present 
invention. 
3) Aggregation 

Platelet aggregation is measured by the change in optical 
transmission that a platelet sample exhibits upon stimulation 
of aggregation. Platelet aggregation was measured using a 
Whole Blood Aggrcgomcter (Chrono-Log Corp., Haver- 
town, Pa., model 560VS). The number of platelets in each 
sample was controlled to be constant for every measure- 
ment. A Model F800 Sysmex cell counter (Toa Medical 
Electronics, Kobe, Japan) was used to measure platelet 
count in the platelet samples and autologous plasma was 
used to adjust platelet counts to 300,000/mL of platelet 
concentrate. 

For the procedure, all the samples were incubated in a 
capped plastic tube for 30 minutes at 37° C for activation. 
The aggrcgomcter was warmed up to 37° C. The optical 
channel was used for platelet aggregation measurement. The 
magnetic speed of the aggrcgomcter was set at 60(Vmin. 
Remaining platelet concentrate, from the units obtained 
which was not drawn as a sample for treatment, was 
centrifuged at high speed (14,000 g) with a micro- centrifuge 
for 5 minutes to obtain containers of platelet poor plasma 
autologous lo the experimental samples. 

To begin, 0.45 ml of the autologous platelet poor plasma 
was added along with 0.5 ml of saline into a glass cuvette 
and placed in the PPP channel. Then 0.45 ml of the sample 
platelet concentrate and 0.50 ml of saline were added to a 
glass cuvette (containing a small magnet) into the sample 
channel. After one minute, ADP and collagen rcagcnis (10 
^1) each were add&d to the sample cuvette. The final con- 
centration of ADP was 10 nM and the final concentration of 
collagen was 5 pg/ml. Platelet aggregation was recorded for 
about 8-10 minutes or until the maximum reading was 
reached. 

The results appear in FTGS, 26B, 27B, 28B, and 29B. The 
100% aggregation line is the level at which the recorder was 
set to zero The 0% aggregation line is where the platelets 
transmitted before the ADP and collagen were added. The 
aggregation value for the sample is determined by taking the 
maximum aggregation value as a percent of the total range. 
Tliree of the four compounds tested showed very little or no 
difference in aggregation levels between the samples treated 
with compound and the untreated samples which were 
stored for 5 days. Compound 2 exhibited a small reduction 
in aggregation, of approximately 8% from the day 1 control. 
The aggregation for the sample treated with compound and 
uv was the same as that for the uv only sample. This is 
supporting evidence that the decontamination compounds 
tested do not have a significant effect on platelet aggregation 
when used in the methods of the present invention. 
4) Count 

A Sysmex cell counter was used to measure platelet count 
in the platelet samples. Samples were diluted 1 :3 in blood 
bank saline, 
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The rcsulis of the platelet count mcasurcnncnls appear in 
FIGS. 26A, 27 A, 28A, and 29A. Tor each of the compounds, 
the samples show luilc or no drop in platelet count between 
the Day 5 contrul and ihc Day 5 treated sample, interest 
ingly, samples treated with Compounds 6. 17 and 18 all 5 
display a higher platelet count than samples trcaicd with 
light alone. For example, samples treated with Compound 6 
had counts equivalent to ihc 5 day L-onlrol, but samples 
trcaicd with only ultraviolet light showed approximalcly a 
33% reduction in platelet count. Thus, not only is trcatmenl 10 
with compounds of the present invention compatible with 
the maintenance of platelet counL, but it actually appears to 
prevent the drop in count caused by ultraviolet light expo- 
sure. 

15 

EXAMPLE 20 

A preferred compound for decontaminating blood subse- 
quently used in vivo should not be mutagenic to the recipient 
of the blood. In the first pan of this experiment, some 20 
compounds were screened to determine their gcnoloxicily 
level in comparison to ami nomcLhyltri methyl psoralen. In the 
second pan, the in vivo clastogenicily of some compounds 
of the present invention was measured by looking for 
micronuclcus formation in mouse reticulocytes. 25 
1) Genoioxicily 

Mammalian cell cultures arc valuable tools for assessing 
the clastogcnic potential of chemicals. In such studies, cells 
are exposed to chemicals with and/or without rat S-9 meta- 
bolic activation system (S-9) and are later examined for 30 
either cell survival (for a genoloxicity screen) or for changes 
in chromosome structure (for a chromosome abciration 
assay). 

Chinese hamster ovary (CHO; ATCC CCL 61 CHO-Kl, 
proline-requiring) cells were used for the in vitro genotox- 35 
icity and chromosomal abcnation tests. CHO cells are used 
extensively for cytogenic testing because Lhcy have a rela- 
tively low number of chromosomes (2n=20) and a rapid rate 
of multiplicaiion (-12 to 14 hours, depending on culture 
conditions). The cells were grown in an atmosphere of 5% 40 
COj at approximately 31° C. in McCoy's 5a medium with 
15% fetal bovine serum (FBS), 2 mM L-glutamine, and 1% 
peradllin-strcptomycin solution to maintain exponential 
growth. This medium was also used during exposure of the 
cells to the lest compound when no S 9 was used. Cell 45 
cultures were maintained and cell exposures were performed 
inT-75 otT-25 flasks. 

Each of the sample compounds were tested at seven 
dilutions. 1, 3, 10, 33. 100. 333. and 1000 ^ig/ml. The 
compound was added in complete McCoy's 5a medium, so 
After the compound was added, cells were grown in the dark 
at approximately 37° C. for approximately 3 hours. The 
medium containing the test compound was then aspirated, 
the cells were washed three times with phosphaie-buffered 
saline (PBS) at approximately 37" C, and fresh complete 55 
McCoy's 5a medium was added. The positive control was 
mcthylmclhanc sulfonate. The solvent control was dimcth- 
ylsulfoxidc (DMSO) diluted in culture medium. For assays 
using metabolic activation (see below) the activation naix- 
turc was also added to the solvent control. The cultures were 60 
then incubated for an additional time of approximately 12 
hours before they were harvested. Colchicine (final concen- 
tration. 0.4 |ig/ml) was added approximately 2.5 hours prior 
to the harvest. 

After approximately 2,5 hours in colchicine, the cells 65 
were harvested. Cells were removed from the surface of the 
Rasks using a cell scraper. The resulting cell suspension was 



ccntrifuged, the supernatant, aspirated, and 4 ml of a hypo- 
tonic solution of 0.075M KCI added to the cells for 15 
minutes at approximately 37° C, The cells were then ccn- 
Lrifugcd, the supernatant aspirated, and the cells suspended 
in a fixative of methanol; acetic acid (3:1). After three 
changes of fixative, air-dried slides were prepared using 
cells from all flasks. The cell density and mciaphasc quality 
on the initial slide from each flask was monitored using a 
phasc-contrasL microscope; at least two slides of appropriate 
cell density were prepared from each flask. The slides were 
stained in 3% Gicmsa for 20 min, rinsed in dcionized water, 
and passed through xylene. Covcrslips were mounted with 
Permoum. Slides arc then examined to determine what 
concentration of each test compound represented a toxic 
dose. 

An analysis of the results showed that AMT was geno- 
toxic at 30 pg/ml. In contrast, Compounds 2 and 6 were only 
genotoxic ai 100 ng/ml, more than three times the toxic dose 
of AMT. 

A psoralen compound with a structure distinct from 
compounds of the present invention, 8-aminomelhyM,4\5'- 
trimcthylpsoralen. was also tested in this experimcm and 
proved to be toxic at 10 ^ig/ml. While the 8-subslituted 
aminomeihyl compound and similar slrxicturcs may not be 
suited for methods of the present invention, they may be 
useful for alternative purposes. In light of the ability of the 
compounds to prevent nucleic acid replication, in combina- 
tion with their extreme toxicity, the compounds could be 
used, for example, to treat diseases characterized by uncon- 
trolled cell growth, such as cancer. 
2) Micronucleus Assay Protocol 

Saline solutions were prepared for Compounds 2, 6, 17 
and 18 at various concentrations. Male Balb/c mice were 
then injected with 0. 1 ml of a compound solution via the tail 
vein. At least 3 mice were injected per dose level. Saline 
only was used as a negative control. For a positive control, 
cyclophosphamide (cycloPP) was administered at a dose of 
30 mg/kg. In the experimental group, the injections were 
repeated once per day for four days. In the positive control 
group, the sample was administered only once, on day three. 
On day 5, several microliters of blood were withdrawn from 
each subject and smeared on a glass slide. Cells were fixed 
in absolute methanol and stored in a slide rack. 

For analysis, cells were stained with acridine orange and 
visualized under a fluorescence microscope by counting; (i) 
the number of reticulocytes per 5000 erythrocytes; and (ii) 
the number of micronucleatcd reticulocytes per 1000 reticu- 
locytes, Reticulocytes were distinguished by their red fluo- 
rescence due to the presence of RNA. Micronuclei were 
distinguished by their green fluorescence due to the presence 
of DNA. The percentage of reticulocytes (% PCE) was then 
calculated. A decrease in the frequency of erythrocytes, 
represented by an increase in the percentage of reticulocytes, 
is an indication of bone marrow toxicity. The percenuge of 
reticulocytes with micronuclei (% PCE with MN) was also 
calculated. An increase in % PCE with MN is a measure of 
clastogenicily. 

After initial results were determined, the experiment was 
repeated using increased dose levels, until; (i) Micronucleus 
formation was seen; or (ii) Bone marrow toxicity was 
observed; or (ii) The lethal dose was reached; or (iv) A dose 
of 5 g/kg was administered For the assays with each of the 
compounds 2, 6, 17 and 18, the acutely lethal dose was 
reached before there were any signs of bone manuw toxicity 
or micronucleus formation. The results of the experiment 
appear in Table 20. below. As is clear from the table, no bone 
marrow toxicity was observed for any of the compounds at 
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ihc doses tested. The percent reticulocyte value rorireatmcni 
with each compound remained close lo the negative conirol 

9 '.''L'^r'nlJ.o^''""^'^'^ "^''^ ^ "^'^P approximately 
^ PCfc/RBC seen in the positive conirol, representing 
erythrocyte depletion due to bone marrow toxicity. Nor did 
any of the compounds display clastogcnic action. 

TABLE 20 



60 



COMPOLND 



DOSE pcmsc 



2 
2 

CycluPP 

saline 

6 

6 

17 

n 

CycloPP 

valine 

16 

IS 

18 

CycloPP 
saline 



40 
25 
30 

45 
30 
45 
30 
30 

20 
7.5 
3.75 

30 



PCE - MX # 

{%) duplicate 

3.08 ±052 0.20 ±0 ]4 4 

3.46 ± 0,32 0,25 ±0]] 6 
1.65 10.64 1.98 ±0.40 6 
3.49 i 0.55 0.18 ±0,13 6 
3.79 ±04] 0.36 ±0.14 3 15 
3.6] ± 0.12 0.27 ±0.38 3 

5.7 ± 2.14 0.31 z 0.07 3 

3.47 1 0,83 0.30 i 0 17 3 
0.99 ± 0.33 1.76 ±0.&4 3 
3.47+ 0.44 0.23 ±0.15 3 

3.48 + 0.79 0 17 + 0.06 3 
3.591 0.33 0.43 ±0.12 3 
3-6111.14 0.17 + 0.12 3 
1.39 + 0.41 2,0910.17 3 
3.31+ 0.63 0.36 ±0,n 3 



20 



EXAMPLE 21 



25 



30 



40 



45 



In EXA?VfPLE 13, the inactivation of cell free HIV virus 
using compounds and methods of the present invention ij 
shown This example shows inactivation of cell -associated 
HiV also using compounds of the present invention. 

chronically infected with HIV,_ were used 
(H9/HTLV-in^B NTH 1983 CaL.#400). CuUures of these 
cells were maintained in high glucose Dulbecco Modified 
tagic Medium supplemented with 2 mM L-glutamine 200 35 
u/mL penicillin, 200 ^g/ml streptomycin, and 9% Veial 
bovine serum (Intcrgen Company. Purchase NY) For 
majnienence, the culture was split once a week, to a density 
of 3x10^ to 4x10^ cells/ml and about four days after 
splitting, 3.3% sodium bicarbonate was added as needed 
For the mactivatior procedure, the cells were used three 
days after they were split. They were pelleted from their 
culture medium at 400 gxlO minutes, the supernatant was 
di&carded, and the cells were resuspended in one lo five day 
old human platelet concentrate (PC) (pH 7 5-6 5) to a 
concentration of 2x10* cells/ml. Aliquots of the PC-infected 
cell suspension were made for psoralen free dark controls 
for sporalen free UVA only controls, for psoralen dark 
controls and for the psoralen plus UVA experimental 
samp e. Concentrauid filter-sterilized stock solutions of each 50 
psoralen m water were diluted into the appropriate aliquots 
io yield a final concentration of 150 ^M. (A 10 mM stock of 
Compound 18 was diluted about 67- fold and a 2 mM stock 
of Compound 2 was diluted about 13-fold). After an equili- 
bration period of thirty minutes at room temperature 0 5 ml 55 
of each of the dark controls was placed in a cryovial and 
stored m the dark at -80*' C. For UVA illumination, 8 ml of 
the psoralen free aliquot and 8 ml of each psoralen contain- 
ing aliquot were introduced into a modified Fl 20 Tcflon^^ 
bag (modified to be 92 cm^ total surface area, The West Co 60 
PhocmxviII. Pa.) via a plastic disposable 10 ml synnge 
attached to one of the polypropylne ports on the bag. This 
gave an average path length of 0.17 cm. The bags were then 
Illuminated for a total exposure of 3 Joules/cm^ in the device 
described in Example I, above, attached to a circulating 65 
refngeraung waterbath set at 4° C. which maintains the 
temperature in the bag at approximately 22°-25° C During 



exposure, the device was shaken on a platelet shaker 
(Hclmcr Labs. Noblcsvillc. Ind.). After exposure, the con- 
tents of the bags were withdrawn by a fresh syringe through 
the remaining unused pon on the bag, and placed in cr>'- 
ovials tor storage in the dark at -80'' C. until analysis. 

The stored samples were thawed at 37^ C, then titrated in 
an HIV microplaque assay, as described in Hanson C V 

?^Z^^n'^/!^'^''' ^^'PP'^*^' ^- ^in.' Micro 

i8;2O30 (1990;, and as described in EXAMPLE 13 above 
with the following modifications. Clot removal from each 
sample was performed before plating. Because plating of a 
target volume of 4 ml after clot removal was desired an 
excess of sample (6 ml) was transferred to a polypropylene 
tube and diluted to a final volume of 60 ml with Test and 
control samples from the inactivation procedure were 
diluted in 50% assay medium and 50% normal human 
pooled plasma. The samples were serially diluted directly in 
96-well plates (Coming Glass Works. Coming NY.) The 
plates were mixed on an oscillatory shaker for 30 seconds 
and incubated at 37» C. in a 5% CO, atmosphere for 1 to 18 
hours. MT-2 cells (0.025 mL) [clone a]pha-4, available 
(catalog number 237) from the NaUonal Institutes of Health 
AIDS Research and Reference Reagent Prx)gram, Rockville 

^ rL^^'n ^'^^'^ '^'^ 3 concentration of 

80,000 cells per well. After an additional 1 hour of incuba- 
tion at 37^ C. in 5% CO,. 0.075 mL of assay medium 
containing 1 6% SeaPlaque agarose (PMC Bioproducts. 
Rockland, Me.) and prcwarmed to 38.5" C. was added to 
each well, The plates were kept at 37^ C, for a few minutes 
until several plates had accumulated and then ccntrifuged in 
plate carriers at 600xg for 20 minutes in a centrifuge 
precooled lo 10' C. In the centrifuge, cell monolayers 
formed pnor to gelling of the agarose layer. The plates were 
incubated for 5 days at 37'> C. in 5% CO, and stained by the 
addition of 0.05 mL of 50 Mg/mL propidium iodide (Sigma 
Chemical Co.) in phosphate-buffered saline (pH 7 4) to each 
well. After 24 to 48 hours, the red fluorescence- stained 
by placing the plates on an 
8.000 MW/cm^ 304 nm UV light box (Fotodyne, Inc.. New 
Berhn Wis.)^The plaques were counted at a magnification 
or X20 to x25 through a stereomicroscope. 

The results were as follows: Compound 2 (150 uM) 
inactivated >6.7 logs of HIV after 3 Joules/cm^ irradi^on 
(compared to dark and light controls of 0 log inactivation 
starting log tiler 6.1 plaque forming units/ml). At the same 
concentration and irradiation time, Compound 18 inacti- 
vated >7.2 logs of HIV (compared to a dark control of 0 logs 
and a light control of 0,1 logs, starting titer 6 6) This 
example supports that the compounds of the present inven- 
tion are efTectJve in inactivating cell associated virus. 

EXAMPLE 22 

This example involves an assessment of new synthetic 
media formulations as measured by the following in vitro 
platelet function assays: I) maintenance of pH; 2) platelet 
aggregation ("Agg") and 3) GMPl 40 expression. ITic assays 
for each of these tests have been described above 



TABLE 21* 



S 2.19 



S2.22 



S 3.0 S4.0 



Na gluconate 


23 


0 


Na acetate 


27 


20 


glucose 


0 


2 


mannitol 


30 


20 


Ka 


5 


4 



0 
20 
2 
0 
4 



0 
20 
2 

20 
4 
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TABLB 2l'-conlinuc(l 



TABLE 23*-conunucd 





S 2.19 


S 2 22 


S 3 0 


S 4 f) 




45 


80 


100 


90 


Naj cUralc 


15 


15 


10 


10 


Na phosphax 


20 


20 


20 


20 


MgU, 


C 


3 


2 


2 



♦Amounij in mM 



10 



Four formulations were prepared: S 2.19, S 2.22, S 3.0 
and SA O. The composilion of ihe&c synthetic media formu- 
lations are shown in Tabic 2!. One unit of human platelet 
rich plasma (PRP) was obtained from the Sacramento Blood 
Bank. The unit was cenlrifugcd at room temperature for 6 is 
minutes at 4000 rpm and then transferred to a unit press. 
Using an attached transfer line, plasma was expressed from 
the unit, leaving approximately 9.4 mis of residual plasma. 

The unit was allowed to rest for 1 hour, after which it was 
gently kneaded to resuspcnd the platelets. To 0.6 ml of the 
suspension, 2.4 ml of plasma was added back and the entire 
contents transferred to a Teflon*™ minibag. The reconsti- 
tuted unit was assayed for pH and other tests the next day, 
with the following results: 



pH 

GMP140 



7.19 
62% 
58% 



The remaining unit was then used to evaluate synthetic 
media for platelet storage with and without photo decontami- 
nation. Aliquots (0.8 ml) from the unit were added to each 
formulation (3.2 mis) in tubes. 3 mis of each mixture was 
transferred to a Teflon™ minibag (final plasma concentra- 
tion of 20%). 

Five days later, platelet function was assessed using the 
battery of tests described above. The results for each of the 
synthetic media formulations are shown in Table 22 below. 



TABLE 22 





no 


light 




light 


S 2.19 


S 2.22 


S 2 19 


S 2.22 


pH 


686 


6,82 


6.83 


6.60 


GMP14CI 


87% 


74* 


90% 


80% 




30 


4S 


16 


31 



It appeared that the synthetic media containing 2 mM 
glucose (i.e., S 2.22) maintained platelet function, as mea- 
sured by GMP140 and Aggregatioru better than the synthetic 
media that did not contain glucose (i.e., S 2.19). 

To confirm the above finding, experiments were repeated 
("n" being the number of replicate experiments) with theic 
fonmulations as well as additional glucose- free formations 
(3.0 and 4.0). Platelet function was evaluated both before 
and after storage, and in conjunction with photodccontami- 
nalion. A summary of the results is provided in Tables 4, 5 
and 6 below. 



TABLE 23* 







S 2.22 


S 3.0 


S4.0 


S 119 




17 


n-22 


n-4 


n -4 


n - 23 




7.31 


7.14 


7.12 


7.13 


704 


Agg 


82 


83 


76 


78 


81 



20 



25 



30 



35 



40 





Plasniii 
n ^ 17 


S 2.22 
n = 23 


S 3.0 
n ^ 4 




S 40 

n ^ 4 


S 2 19 

n ^ 23 


GMP 140 


52 


49 


46 




45 




*No UVA; Day 1 nf Slnragc 
















TABLE 24* 










Plasma 

n = 18 


S 2.22 
n 20 


S 3.0 
n = 4 




S 4 0 

Tl = 4 


S 2.19 
n — 23 


pH 
Afig 

GMP-140 


7.03 
75 
61 


6.92 
70 
63 


6.93 
67 
63 




6.93 
70 
64 


696 
64 
74 


•No UVA; Day 5 of Stnragr 
















TABLE 25* 










S 2.22 
n = 20 


S 3.0 
11 = 4 




S 4.0 
n - 4 




s 2.iy 

n-22 


pH 
Agg 

GMP- HO 


680 
59 
73 


6.78 
54 
76 




6.79 
54 
76 




6,95 
58 
83 



*3 Joules ITVA, Day 5 of Storage 



EXAMPLE 23 

In this example, bacterial inactivation efficiency of sev- 
eral compounds of the present invention was evaluated by 
examining the ability of the compounds to inactivate a 
variety of bacteria. For this experiment, twelve phylogeneti- 
cally distinct and clinically pathogenic strains of bacteria 
were studied. Tabic 26 contains a list of these bacteria. All 
bacteria were obtained from the Department of Public 
Health Services in Berkeley, Calif Inactivation assays were 
performed as follows. 

TABLE 26 





Coryneboctenum minuUssimum 


gram potitivc 


Public Health 
#88 A- 1157 


45 


Eruerobacter cloacae 


gram negotiyc 


Public Health 
#6710-A-76 


Escherichia colt 


gram positive 


PubUc Health 
#7186-75 




KUbs\ellc pneumonuxe 


gram negative 


Public Health 
#92A 2214 




IJsteria monocytogenes 


gram positive 


Public Health 
#86A-6620 


50 


Pxeudomonas aeruginosa 


gram negative 


Public Health 
#91A-5818 




Salmonella cholerasius 


gram negative 


Public Health 
#92A-2467 




Serratia marcescens 


gram negative 


PubUc Health 
#2574-3-79 


55 


Staphylococcus aureus 


gram positive 


Public Health 
#89 A- 3667 




Staphylococcus epidermidis 


gram positive 


PubHc Health 
#85A-2460 




Streptococcus Group A 


gram positive 


Public Health 
#90A 2540 


60 


Yersinia enterocolUtca 


gram positive 


Public Health 
#91 A 7632 



For E. cloacae, E. coli, K pneumoniae, L monocytogenes, 
P. aeruginosa, S. cholerasius, S. marcescens. S. aureus, S. 
epidermidis and Y. enterocolitica, a single colony of bacteria 
was taken frum l^ria-Bertani (LB) agar plates [LB broth- 
Bactotryptonc 10 g/L (Difco, Detroit Mich.), Yeast extract 5 
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20 



25 



30 



S^, NaCl lOgA.; LB Agarplatcs-I.B and Baclo-agar 15 ./L 
(I>fco) ,r petn dish) and inoculated in ic 3 ml LB broih n 
a ^con 205, capped ..be (Bec.un Dickinson, R^Sr " 
T?^ S™*" ovcraighl in a Ub Line Orbi 
Environ-shakcr (Labl.nc. Melrose Park. III.) a. 37 "c 

For C. minu,is!imum. L monocytogenes and S, Group A 
bac^a were streaked on TSA U Soy Agar with 5% ShecD 
^Ztm S'Jl'r'" Bec'ton'oickinsS S 
TTicn 2.5 ml of LB broih were added to the plate Colonics 
were scraped into the broth using a sterile looj LB br * 
contaimng the bacteria was then removed from the plate mo 
a stenic Falcon 2051 culture tube. 

For all bacteria strains, 100 ml of bacteria susoensioi, 
were diluted with 900 ml of LB broth. Using LB b ort a^a ' 

nfr.^ p spectrophotometer (Shimadzu, Kyoto 

Japan . Bactenal density was calculated assuming that ^' 

21X10" cfu/nU (colony forrmng units/ml). OD readines 
ranged from l.IxlO' cfu/m] to 2.75x10' cfu/ml. * 
For 5. chokrasius. E. cloacae. K. pneumoniae and P 
^^X^alS^BT'"^'^ 

irom a local Blood Bank were stored in Ilelmer olaidpt 
meubator and shaker at 22" C. umil use. Two un ts^fea h 
comprising 4 pooled platelet concentrates) of apSatt y 

stenTe H^t ""'^^ ^ Haemoneties ScS 3 2 

sicnle docker (Tentmo; Braintree, Mass.) in order to have 

S w^^' dSd r-^r-"' The plateScon« ! 

«srs-ra?^^^^^^^^ 

Sn! K ^ ''^^'"fi PH adjusted to 7 2 with 

HCI) such that the final concentnttion was 35% p asma 65% 

oSr^r'"/'^"^"^'^ resuspendli' 4 seS 

ptpettc (Falcon. Becton Dickinson; Ruti^erford, N J) Ho 
the res, o f the bacteria, apheresis uniu were used TT^ese 
contained the same synthedc media, however. J. aure^t^ 
additional phosphate (26 mM) and S. Group A L i^n^ 
tog^s had additional phosphate (26 mM)'^dUXl'?0 

nHm^-i^r T*^'*' "^""^ °" ^ Ciba-Coming 238 
pH^lood Gas Analyzer (Ciba-Coming; Medfield Mass! 

SoS T '° ' P"- Pl^'el'^t colt was 
fi '^''"''"8 platelet concentrate 1-3 in S/P Ceni 

three 50 mJ tubes. Bacteria was added to all three such thai 
Uie final concentration was 10^ plaque forming^n MpfJ 
ml based on the count taken above excent PnJJ^. 
which was added a. I ^ pfu/ml. Tw^ ^K^.S 

pS'tube^'^v' r ' ""^.—-ion of 'S'X 
fmm each tube. 27 ml was put into mini PL732 blood bass 

^TT2oT^' ^f'"^' > a serologiJaTjiS 
^1 ,h K T^^^- '"'"'^ ^ possible was removed 

at the feghesi potnt when completely filled. For S. marce- 
scens K pneimonae. S. cholerasuis, and E doa^^ l 
additional tubes were se, up with lO' cfu/mJ baS J 



64 

• mM Compound 2. For P. aeruginosa, duplicates were 



40 



45 



50 



150 I 

SCI up _ 
mM Compound 2. 

ExamoleT.h"" °? "^^ ""^ "^^^'cc described in 

aerr^^mcM. which were irradiated for 3 joJlcr 

Falcon 201 7 cultuie tube for plating on LB agar T^e cuW 
tube was gently vorlexcd and 2 aliquols of on ml ^Ic 
removed and sterile plated on 2 LB plmes C Lil^ 

witrsrShfeThro^ ' 1 ^ P'"'^^ - "oyl^ 

Sht at 3?o c.*^ """^ P'""=*- "^e'' ^-^^c incubated ovi- 

of SftK a 5o"J"r ^ ""'^ '"-l"'"^^ « 9 ml 
ui sLcnjc LH in a 50 mJ Starstedi tuhp Thi* i;^ i i 

attached with tape. Culture waf shin ^fghut 3^1^ 

and was then streaked on sterile LB plates usine a sLie 

loop. C mmulissinum. L monocylog^s l^rs Gr^^^^A 

were plated on Soy Agar with 5%Shlep b iiS^^,^ 

plates were incubated overnight at 37°C C^n)lTt-u 

determined by clean plates Ser t oveSghf ^cub ti^ 

?4^S;rKrsr;er^ 

Serial 1:10 dilutions using non-irradiated platelet concen 

co:^'':tfr°'^' ' ^ - theSLT^A 

control were done in sterile Falcon 2017 culture mbcs 
conuirang LB broth down to 10- dilution. TTie lo" 
d^utions Of these were discarded as colonies would have 
been too numerous to count. Culture tubes were eenUv 
vortexed and 100 ml was sterile plated on LB pTatfs r 

plated on Soy Agar with 5% Sheep blood plates Plates were 
incubated overnight in 37° C incubator 

m.^^'r^l'l^'i" '""""^ ^'^ ""'"bc'^ obtained were 
multiplied by the appropriate dilution factor to gel cfZl 
Titers for each treatment were averaged and the Z 
bac tena was calculated. Log,,, kill was calcSei by sub" 

log.o. For samples that showed no colonies, 1 ml SMole^ 
were then plated, incubated and counted, f tSse^al 
showed no colonies, the kill wa. considered to be eom£ 
TTie results appear in Table 27, below. Complete kill to 

srbSaT:s°^'''^^"--'<^--«s^^ 



TABLE 27 



Organism 



6C 



65 



Corynebaatrium minulissimum 
Eratrvbaaer cloacae 
Escherichia coU 
KUbsielia pneumoniue 
Usieria monocytogenes 
Pseudomonas aeruginosa 
Salmonelia choierasius 
Serrmia marcescens 
Staphylococcus aureus 
SiaphylooKcus epidermidis 
Strepiococcut Group A 
Ytrsmia enterocoiuica 



Starting Log Titer Log Kill 



5.79 

6.1 

6 18 

6.58 

6.82 

4.52 

6.23 

5.32 

6.44 

5.8 

6.07 

6 13 



compieic bll 
complete bl! 
cnrnpJetc til] 
complete kill 
complete lull 
complete kill 
complete IdU 
complete kill 
complete kill 
compfctc Idij 
complete kil] 
complete ki]] 



tiic exact details of operation or exact compounds, con:- 
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position, mcihods, or procedures shown and described, as 
modificaiions and cquivalcnis will be apparent lo one skilled 
in ihc art. All palcnis described arc hereby incorporated by 
reference. 

Wc claim: 

1. A method of inactivating pathogens in a composition 
comprising a blood product, comprising the steps of: 
a) contacting one or more psoralen compounds or salts 
thereof of formula I, 




wherein R, is 
_(CH,)2-NH2, 
- (CH,L-R,-(CH,),-NH2, 
-(CH,L-R2^(CH2).-R3-<CH2)-NH2, or 
-(CH,)^-R2-CCH2),~R3— (CH,)-R,-{CH,)- 

and Rj, Rj, and are independently Q or NH3, and w is a 
whole number from I lo 5, x is a whole number from 2 to 
5, y is a whole number from 2 to 5, and z is a whole number 
from 2 to 6; R5, R^, and R7 are independently H and 
(CHJ^CH^, and V is a whole number from 0 to 5 in a 
concentration sufficient to inactivate pathogens upon pho- 
toactivation, with a blood product suspected of being con- 
taminated with pathogens; and 
b) photoactivating said compound for a duration and at an 

intensity and a wavelength sufficient to inaclivale the 

pathogens. 

2. The method of claim 1, wherein said compound is 
4' -(4- ami no- 2-aza)butyl-4,5\8-tri methyl psoralen, 4'-(4' 
amino-2-oxa)butyl -4,5',8-lrimethylpsoralen, 4'-(2-ami- 
nocthyl)-4,5".8-trimcthylpsoralen, 4'-(5-amino-2-oxa- 
)pcntyl-4,5',8-trimeihylpsoralcn, 4'-(5-amino-2- 
aza)pentyl -4,5' 8 -Iri methyl psoralen, 4'-(6-amino-2- 
aza)hexyl-4,5\8-trimethylpsoralen, 4'-(7-amino-2,5- 
oxa)heptyl-4,5\8-trimelhylpsoralcn, 4'-(12-amino-8- 
aza-2,5-dioKa)dodecyl-4,5',8-irimelhylpsoralen, 4'-(l 3- 
amino-2'aza-6, 1 1 -dioxa)tridecyl-4,5',8- 
tiimcthylpsoralen, 4'-(7-aiTuno-2-aza)hcptyl-4,5',8- 
trimclhylpsoralen, 4'-(7-amino-2-a7.a-5-oxa)hcptyl-4, 
5',8-trimeihylpsoralen, 4'-(9-amino-2,6-diaza)nonyM, 
5'.8-trimethy] psoralen, 4'-(8-amino-5-aza-2-oxa)octyl- 
4,5\8-trimcthylpsDra]cn. 4'-(9-amino-5-aza-2- 
oxa)nonyl-4,5',8-trimethylpsoralen, or 4'-C14-amino-2, 
6,1 1 -triaza)tetradecyl-4,5',8-trimeihylpsoralcn. 
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3. The method of claim 1, wherein said pathogen con- 
prises a gram positive bacteria. 

4. The method of claim 1, wherein said pathogen com- 
prises a gram negative bactena. 

5 5. Tlic method of claim 1, wherein said pathogen com- 
prises a virus 

6. The method of claim 1, wherein said blood product 
comprises platelets. 

7. The method of claim 1, wherein said blood product 
comprises plasma 

8- The method of claim 1, wherein said wavelength is 
between 180 nm and 400 nm. 

9. The method of claim 1, wherein said wavelength is 
j5 between 320 nm and 380 nm. 

10 The method of claim 8, wherein the intensity is 
between 1 and 30 mW/cm^. 

11. The method of claim 8; wherein the duration is 
between 1 second and ihiay minutes. 
20 12. The method of claim 1, wherein said blood product 
further comprises a synthetic media. 

13. The method of claim 1, wherein said compound is in 
a final concentration of between 0.1 and 250 ^iM. 

14. The method of claim 13, wherein said compound is in 
25 between 10 and 150 |iM. 

15. The method of claim 1, wherein the photoactivating 
step is performed without limiting the concentration of 
molecular oxygen. 

16. The method of claim 1, wherein at least two of said 
30 compounds are present. 

17. The method of claim 1, wherein said compotind is in 
a solution prior to contacting the blood product. 

18. The method of claim 17, wherein said solution com- 
prises water, saline, or a synthetic media. 

35 19. The method of claim 18, wherein said synthetic media 
comprises sodium acetate, potassium chloride, sodium chlo- 
ride, sodium citrate, sodium phosphate and magnesium 
chloride. 

20. The method of claim 19, wherein said synthetic media 
^ further comprises at least one consiilueni selected from the 

group consisting of mannitol and glucose. 

21. The method of claim 18, wherein, said solution is 
contained in a first blood bag and said blood product is 
contained in a second blood bag. 

22. The method of claim 21, wherein said contacting is by 
expressing said solution from said first blood bag into said 
second blood bag via a sterile connection. 

23. The method of claim 1, wherein said compound is in 
a dry state prior to contacting, 
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